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FOREWORD

This report is submitted in fulfillment of Contract Data Require-
ments List Item Number A003, Final Report for the New Generation

Strategic Submarine Study, Contract No. N00140-76-C-6446.

This research was supported by the Advanced Research Projects
Agency of the Department of Defense and was monitored by the Naval
Underwater Systems Center, New London Laboratory, under Contract
No. N00140-76-C-6446.

The views and conclusions contained in this document are those of
the authors and should not be interpreted as necessarily represen-
ting - e official policies, either expressed or implied, of the
Ad-auced Research Projects Agency or the U. S. Government.
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1. SUMMARY
wasP uner kC.• -to the and dt and .

The study was undert kentto-determine the feasibility and advantages
of applying aerospace technology-,an4-method0•to the design of a new
generation of strat?.gic submarine. The studýiVocused on how these
methods and techniques could be applied to improve the operational
capability, and cost of acquisition and ownership of our strategic
submarine deterrent forces. Systems •gineering and -Iftegration and
design to Cost methods used successfully on programs such as titan
launch-vehiclea.,'Skylab,2 'and Viking were applied and it was deter-

mined that performance and cost could be enhanced over that presently
exhibited by a SSBN 640 class submarine. In general the results
will also be applicable to strategic submarines presently under
construction since they and the SSBN 640 share the 'samA--philosophy
of.independent subsystem mechanization and crew operation and it is

in changing these areas that the greatest gains can be achieved.
These results relate to the subsystems within the boat excluding -
weapons and reactor and hull design. Theý'application of these tech-
niques involve4 the assumption that the new generation of strategic
submarine should be an integrated man/machine interactic weapons
system with a long-life requirement. <-

SThestudy resulted in a concept for a new generation strategic sub-
marine manned by a crew complement of 30 that is capable of remain-
ing continuously on station for a year or more, providing a choice
in the selection of operating cycles. Economic analyses performed
in the study indicate that if the entire fleet of strategic submarineswere to be developed with this philosophy, the life cycle cost savings !

would be $1.9 billion in present value ($3.7 billion in 1976 dollars)
over a new fleet designed as extensions of existing SSBN designs.

The study conkclusions are ,based on the results of a detailed func-
tional analysis of an existing strategic submarine and the subsequent
upgrading of the subsystems within it by appropriate aerospace tech-
niques of using computers for control when they are suited to the
function. Not all systems in the existing submarine were upgraded.
Only those systems were upgraded wherein a positive return could be

achieved in terms of increased time on station or enhanced surviva-
bility, or where a cost benefit would accrue without jeopardizing
the improved time on station or survivability. After the subsystems
were upgraded, they were integrated together intc a ship operated
from a set of central control consoles.

The new generation SSBN concept developed in the study has two char-
acteristics which make it significantly different from an existing
submarine. First, the functional requirements of existing SSBNs are

•J• I-1



achieved primarily through the application of the manuai actions of
a dispersed crew with information transferred verbally from man to
man. The new generation SSBN would have man commanding computers
from a central console location. The computers would then operate
the designated subsystems and report data back to the operator in
essentially the same mode of man/machine interaction which has been
successfully demonstrated in space programs including Skylab, Space
Shuttle, and Viking.

The second characteristic is the way in which reliability is achieved.
fF The Viking program will serve as an example. Clearly, there could be

no servicing of equipment for the one-year flight time, nor during
time on the planet Mars. Reliability on Viking was achieved by making
the elements of the subsystems redundant and having computers (them-
selves redundant) continuously monitor the health of each element.

-' In this way the computers removed elements about to go bad and re-
placed them with their redundant counterparts. This concept of re-
dundancy was applied to the restructuring of the subsystems within
the strategic submarine. Options of ways to implement redundancy
are discussed in Appendix I.

In developing the concept for the new generation SSBN, the systems
4 were first designed to optimally meet the functional requirements

followed by determination of the crew requirements to operate the
4RJJ*systems, rather than having a given crew size determine the degree

of mechanization and automation of submarine systems. To implement

the new concept standard Navy hardware, computers, and microprocessors
were evaluated and found to be sufficient to meet most of the design
goals. "oncomitant technology recommendations and advances are de-

lineated in the Conclusions and Recommendations section of this report.

Finally, it was recommended that development of the new concept be

implemented in a series of steps beginning with a functional mockup.

T-2
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I

SII. INTRODUCTION

A. OBJECTIVE

The objective of the study was to evaluate and demonstrate the applic-
ability of advanced aerospace technologies to the development of a
conceptual design for the next generation of strategic submarines.
The study was undertaken to evaluate not only the applicability of
aerospace technologies but also to determine whether or not such
application could result in improved performance and improved satis-
faction of SSBN functional requirements over and above those which
are currently achieved on ccntemporary strategic submarines.

The emphasis in the study was on how the concept of man/machine
interactive systems employed so successfully on Skylab (and to be
used on the Space Shuttle) could be applied to strategic submarines.
In these space systems, the man commands several computers each of
which can: (1) serve as the intelligence element of several servo
mechanism loops; (2) gather, process, format and present data; and
(3) keep track of the health of hardware. In the space application,

F" relatively few men efficiently controlled all the systems of a vastly
complex spacecraft. Another aerospace technology which appeared to
have merit for submarine application was the concept of achieving the

V reliability necessary for long-life (unserviced) operation through
computer-controlled subsystem failure detection, isolation and redun-
dancy switching. This concept worked perfectly on Viking (and other
spacecraft) enabling every system on board to operate for more than
a year.

An additional objective of the study was to evaluate economic impact
of implementing these technologies in the development of the new
generation of strategic submarines--specifically, to determine if the
application would reduce future development and operational costs and
to delineate the comparative cost advantages and disadvantages by
system and crew impacts.

B. APPROACH

The study approech is illustrated in Figure II-B-1. Five major study

tasks were involved. The~e tasks are briefly discussed below with

detailed discussions of the analysis and developmert approaches pre-
sented as applicable in subsequent sections of the report.

•I
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1. Functional Analysis

In order to conduct the study in a meaningful manner, it was necessary
to first perform a detailed functional analysis of an existing stra-
tegic submarine performing nominal and non-nominal evclutions. The
640 class SSBN was selected as the baseline strategic submarine at the
suggestion of ARPA and NUSC. The baseline strategic submarine was
evaluated in terms of the subsystems shown in Table II-B-I and detailed
functional analyses of these subsystems and the ships crew were per-
formed. These data served as the baseline point-of-departure for the
development of a conceptual design for the next generation SSBN.

2. Degrees of Mechanization and Selection Criteria

Five degrees of mechanization were identified ranging from activities
which are totally manual to those which are performed completely by
computers acting on their own. Figure II-B-2 provides a general des-
cription of the five levels of mechanization (by column) and examples
of how various activities are accomplished among the five levels.

The current level of mechanization of the elements comprising the

baseline submarine subsystems was approximated. Five selection cri-
teria were developed to determine the value of advancir.g any subsys-
tem element. The decision to move any subsystem element from where
it is now to a higher level of mechanization was based on the selection
criteria value and integration into a total ship. The five selection
criteria and elements of evaluation are summarized in Table II-B-2.

3. Application of Selection Criteria and Crew Size Determination

The selection criteria were developed by the functional analyses and
assessment of the SSBN mission. Each selection criteria was compared
to the other to determine its relative value. The increased mechan-
ization of any system or function was determined by the gain, or loss,
obtained as a result and the necessary integration of the systems to
ensure an operable weapons platform. A crew structure was then con-
structed to support normal, abnormal, and infrequent situations which
may develop.

4.' Economic Analysis

A detailed economic analysis which priced the hardware and software
to implement the design was estimated as necessary. In order to per-
form this costing analysis, a strawman hardware and software concept
using off-the-shelf Navy equipment configured to embody the necessary
redundancy to achieve extended time on station was developed. The

11-3
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Table II-B-1 Submarine Systems Investigated

*Ship Control

s. Engineering Plant

*Auxiliary Services

*Navigation

*External Communications

a Sonar and ECM(

* Defensive Weapons

* Strategic Weapons

e Human Habitability and Environmental Control

* Casualty and Damage Control

concept was altered away from optimum in both equipment and crew size
and a cost sensitivity analysis was performed.

5. Recommendations for Future Work

The study culminated in a concept that appears to be valid and bene-
ficial. A course of future study and development involving valida-
tion of principal elements of the concept by means of a low cost
functional mockup is recommended.

11-4
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Table II-B-2 Selection Criteria

CRITERIA EVALUATED IN TERMS OF:

1. Decrease Cost * Costs of design, construction, testing and
lifetime maintenance.

?.Increased Availability * Improved strategic weapon and navigation
subsystem operation.

*Improved cormmunications.

*Improved command and control.
*Reduced refit time.

*Increased reliability.

a Improved operating cycles.

3. Reduced Crew Size * Reduced control stations locations.

e Reduced maintenance requirements.
@ Decreased life cycle costs.

* More effective personnel usage.

e Improved operational capability.

* Reduced in-port support.

4. Increased Survivability * Reduced own-ship detectability.

* Improved covert escape capability.

* Improved tactical weapon capability.

a Improved contact detection capability.
* Automated contact analysis.

* Improved reaction time.

5. Improved Operability * Technology availability.

e Improved ship's safety.

9 Using computers to perform status, record-
keeping, and maintenance evaluation.

*Reduced human error potential.
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III. RESULTS

A. FUNCTIONAL ANALYSES

The results of a systems engineering analysis of an existing fleet
ballistic missile 3ubmarine are presented in this section of the
report. The purpose of the analyses was to provide a detailed under-
standing of the manner in which various submarine subsystems and the
crew interact to accomplish the mission objectives of an operational
SSBN. These data served as the reference for establishing a baseline
set of functional requirements for the new generation SSBN.

The approach used in performing the analysis was to first categorize
the operations performed within the submarine into functional divi-
sions. Each of these functional divisions was then designated a sub-
system and che hardware elements within the baseline submarine were
sorted into their applicable subsystem. The SSBN 640 class submarine
equipment was used because of the availability of previous operational
history and characteristics.

Two interrelated types of functional analyses were performed. One
type involved an analysis of the basic SSBN operational subsystems;
the emphasis in this analysis was on systems and associated equip-
ment elements and their operational characteristics under normal and
emergen:y condizions. The other type of functional analysis was di-
rected -o n delineation of crew furctions, operations, and activi-
ties required co operate the SSBN. Obv:uusly, the two types of func-
tions are interdependent--they have been se2parated for purposes of
discussion only. The system and elemLat functional analyses are pre-
sented 4n Section 1 anO the crew functional analyses are presented
in Section 2 below.

The dat.. developed io the functional analysis was used in the develor-
mLnt )f the co-cept for the new generation of strategic submarine.

Within the L-t-chnical analysis section of the report, each current
SSBN 640 system (element) was evaluated in relation to integrated
subsystem operation to determine its functional necessity to the "new
generation submarine."

1. System and Element Functional Analyses

The operational functions of our baseliie submarine's subsystems were
analyzed under normal and emergency cruise conditions and when the
ship is submerging and surfacing. T% support this analysis, data
were o.tained by reviewing available Naval documentation, through re-
tired id active duty Naval personnel experienced directly with stra-
tegi( abniarines, and Martin Marietta engineering staff personnel.
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The subsystems were thoroughly evaluated to establish functional
commonalities, interrelationships, and independence. The ten
subsystems identified are listed in Table I1-A-1. Functional
analyses within each of the subsystems listed were performed.
The results are presented below.

Table III-A-1 Subsystem Categories

SUBSYSTEMS

a) Ship Control

b) Engineering Plant

c) Auxiliary

d) Navigation

e) External Commur2 ations

f) Sonar and Electronic Countermeasures

g) Defensive Weapons

h) Strategic Weapons

i) Habitability

j) Casualty and Damage Control

a. Ship Control. - The ship control subsystem consists of system
elements required to perf6rm and maintain four submarine operational
functions under normal and emergency conditions. The four operational
functions are--l) submerging, 2) surfacing, 3) buoyancy control, and
4) steering and diving.

1) Submerging - The capability to submerge the ship from a sur-
face-floating condition requires that the "Rig for Dive" prerequisite
checklist is completed and the operation is accomplished by flooding
the main ballast tanks (MBT) with sea water through the open flood
ports in the bottom of each tank and venting the air at the top of
each tank. The major system elements required to accomplish this
operation and the related functions of each are presented in Table
III-A-2, and functionally illustrated in Figure lll-A-i.
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2) Surfacing - Surfacing a submerged submarine is normally
initiated at periscope depth by using compressed air to blow the
sea water out of the main ballast tanks. The surfacing is accom-
plished by any one of three methods--normal blowing, emergency
blowing, low pressure blowing. The system elements and the func-
tions for each of these operations are listed in Table III-A-2,
and the functional interrelationships are presented in Figure 7.1-A-2.

3) Buoyancy - The overall buoyancy of the ship is controlled
either by pumping water overboard, or by flooding water into a depth
control tank and then pumping it to a variable ballast tank to main-
tain the desired trim. In conjunction with the trim control, the

hovering sequence performs accurate depth control by rapidly moving
ballast sea water between the sea and the two depth control tanks
(DCT).

The major system elements and functions for the trim control and
hovering sequence are presented in Table III-A-2 and are represented
pictorially in Figure III-A-3.

4) Steering and Diving - The steering and diving system provides
the longitudinal stability and control of the ship by the hull,
fixed stern stabilizers, and movable control planes. The system pro-
vides contLol of the rudder and diving planes under normal and emer-
gency conditions. An automatic steering and diving system, Conalog,
can also be used to control the rudder and diving planes.

The principal system elements and respective functions are listed
in Table III-A-2, and the functional flow of these elements is illus-
trated in Figure III-A-4.

b. Engineering Plant - This subsystem consists of rumerous in-

dividual propulsion, clectrical, steam-flow, and auxiliary support
systems and equipment. It is difficult to analyze the subsystem as
a single entity; theiefore it has been subdivided into che two sys-
tems--Ship Propulsion and Steam-Feed Flow.

1) Ship Propulsion - This system provides the forward or reverse
propulsive force of the ship, and the generation of electrical power.
The primary system elements that comprise the Ship Propulsion System
are presented in Table III-A-3, along with the specific functions of
each. Figure III-A-5 illustrates the functional flow for this system.
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2) Steam-Feed FZow - This system provides the means to distri-
bute the steam to the steam-operated equipment and to return the con-

densate as a feed water supply to the steam generator. Analyzing
this system provided a thorough understanding of the major system
elements that comprise this system. Table III-A-3 presents the re-
sults of this analysis, and Figure III-A-6 illustrates the functional
interacts of each element.

c. Auxiliary Subsystem - The Auxiliary Subsystem, like the En-
gineering Plant subsystem, is composed of many individual systems and
equipment. The subsystem was subdivided into systems in a similar
manner as discussed for Ship Control and Engineering Plant. The
new systems classification includes--l) air conditiuning, 2) compres-
sed air, 3) crew support, and 4) equipment support.

1) Air Conditioning - The capabilities of this system are pro-
vided by three air conditioning refrigerant plants, which consist of
two vapor compression plants using the refrigerant freon (R-114) and
a Lithium Bromide (LiBr) Absorption Plant using water as the refrig-
erant.

Both plants provide the cooling media by which the various systems
and equipment onboard the ship are maintained within their operating
environmental conditions. This is accomplished by the circulation of
fresh water chilled by the air conditioning plants. The air condi-
tioning load placed on the operating plant(s) is determined by tha re-
quirement to maintain a desired chill water supply temperature to the
elements.

The results of the functional analysis conducted on this system
are presented in Table III-A-4, and the functional flow presented in

Figure III-A-7.

2) Compressed Air - The compressed air system consists of two•

ssure categories--a) high pressure (4500 psig), and b) low pres-
sure systems (i.e., 700, 400, 150, 100, 85, 75, 40, and 20 psig).

(a) High Pressure Air - The main function of the high pres-
sure system is to 6 jty the MBT of water by displacement, which pro-
vides a positive buoyancy to surface.

(b) Low Pressure Air - The low pressure air systems supply
service air to numerous service air connections through the ship.
The functional flow illustLation clearly shows how the various air
pressure levels are obtained, namely through pressure reducing sta-
tions. The flow directions illustrate the following--(l) a 4500/70%
psig reducing station supplies the 700 psig air; (2) the 700 psig
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reducing stations provide the 150, 100, and 400 psig air; (3) the
100 psig reducing stations provide the 40 and 20 psig air; and
(4) an alternate 0, generator air system also supplies 20 psig ser-
vice air. Table I I-A-4 presents the functions of each of these
air supplies, and Figure III-A-8 illustrates the functional flow.

3) Crew Support System - The Crew Support System as we have de-
fined has the capability to support the crew's life aboard the sub-
marine excluding the habitability provision which is discussed under
the Habitability subsystem.

The system elements that comprise the Crew Support System are
tabulated on Table III-A-4 and are illustrated in functional form in
Figure III-A-9.

4) Equipment Support System - This system provides the auxiliary
equipment essential for submarine operations. The system elements in-
cluded under this system are presented on Table III-A-4, and the func-
tional flow of these elements is presented in Figure III-A-10.

d. Navigation Subsystem - The Navigation Subsystem performs and
determines the submarine position, attitude and velocity information
necessary to support the missile fire control system and conventional
navigation. The system elements that comprise this subsystem are
listed in Table III-A-5, and their functional flow is illustrated in
Figure III-A-II.

e. External Communications Subsystem - This subsystem provides
the capability to transmit and receive radio frequency messages overthe desired frequency range. It also provides the capability for

desired security and typed message copies. Table III-A-6 presents
a detailed listing of the system elements and their functions as ap-
plied to this study. Figure IIIA-1.2 illustrates the functional flow
of the elements.

f. Sonar and Electronic Countermeasures Subsystem - The Sonar and
Electronic Countermeasures (ECM) subsystem respectively provides acous-
tic information, and electromagnetic information necessary to ensure
survivability during the ship's mission for any defense condition.

The compA.,ixity of this subsystem warranted subdividing the sub-
system into the Sonar Group and ECM Group. The system elements of
each of these syst2ms are presented o-, Table III-A-7, and t0ie func-
tional illustrations are presented in Figure III-A-13 for Sonar, and
Figure III-A-14 for ECM.
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g. Defensive Weapons Subsystem - This subsystem provides all
the essential systems and equipment to support the capability to
fire torpedos as a defensive or offensive action. This subsystem
consists of the principal system elements identified in Table III-A-8,
anc the functional flow is presented in Figure III-A-15.

h. Strategic Weapons Subsystem - The Strategic Weapons Subsystem
is defined as that system and equipment consiating of ballistic mis-
siles and supporting systems required to provide a major deterrent
against attack by any agressor, and to provide a rapid retaliatory
action in the event of enemy aggression. The system elements in-
volved in this subsystem are depicted in Table III-A-9, and func-
tionally illustrated in Figure III-A-16.

i. Habitability Subsystem - The Habitability Subsystem as eval-

uated consists of two systems--l) life support, and 2) waste manage-
i ment.

1I) Life Support System - This system provides the capability to
support human life under normal and casualty situations for prolonged
submeiged periods. Also, provisions are available for instrumentation

essential in analyzing the atmosphere concentrations and the hydrocar-
bon contaminants.

2) Waste Management System - This system provides the means for
disposal of waste products generated onboard the ship while being
submerged.

The system elements for the two systems listed above are presen-
ted in Table III-A-10, and the functional interacts of each system
are illustrated in Figure III-A-17.

J. Casualty and Damage Control Subsystem - The Casualty and
Damage Subsystem provides the capability to prevent and limit casual-
ties from occurring, and to enable immediate corrective action to be
taken by the crew. Also, the capability to minimize, maintain,
repair, and racover from any casualty situation through quick and
effective action by the crew is provided.

The system elements comprised in this subsystem are tabulated in
Table TII-A-II.
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Tab le IT2-A-2 System (Element) Functional Analysis Results--Ship
Control Subsystem

SYSTEM (ELEMENT) FUNCTION

A. Submerging

1. Main Ballast Tank (MBT) * Provide the capability to flood the
Vents MBTs for submerging.

2. Electro-Hydraulic Vent
Control Valves s Provide the means to actuate MBT

valves to control MBT venting.

3. Vent Valve Position e Provide indicator lights to display
Indicator MBT vent valve position (open or

closed).

4. Hull Openings • Provide the means to access or exit
through the hull excluding personnel
access. (ie. sea water, missiles,
etc.)

5. Electro-Hydraulic Hull 4 Provide the remote control capabil-
Opening Valves fties to actuate valves with manual

provisions.

6. Hull Opening Valve • Provides open or shut indications on
Position Indicators desired hull openings (maybe electri-

cal or mechanical, local or remote).

7. Hatches * Provide openings normally used for

personnel access to the ship.

8. Hatches Shut Indica- * Provide electrical open or shut in-
tors dications on the Ballast Control

Panel

9. Ballest Control Panel • Provides the primary control station
for changing the buoyancy of the
ship and trimming, for submerging.

B. Surfacing

1. Main Ballast Tanks • Provide the reserve buoyancy required
for surfacing.
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Table ITI-A-2 (Continued)

SYSTEM (ELEMENT) FUNCTION

B. Surfacing (Cont'd)
2. Normal Group Blow * Provide the capability to remotely

Solenoid Valves control the high pressure air (4500
psig) distribution to each main
ballast tank group. (Manual over-
ride capability).

3. Normal Blow Indicator • Provide electrical open or shut in-
Lights dicators to display the valve group

positions.

4. Group Blow Inhibit * Provide the capability to inhibit
Solenoid Valves blowing of a selected MBT group by

solenoid operated list control valves.

5. List Control Indicator e Provide electrical open or shut in-
Lights dicators to display list control

valve positions on the Ballast Con-
trol Panel.

6. Emergency Blow Valves e Provide the capability to pneumati-
cally control the high pressure air
(4500 psig) supply to rapidly blow
MBTs groups in an emergency situa-

K. tion.

7. Emergency Blow Indi- • Provide electrical open or shut in.,
cator Lights dications of valve positions displays

on Ballast Control Panel.

8. Emergency Blow Remote * Provide the capability to remotely
Actuation Valves control the emergency blow valves.
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TablZe XI-A-2 (Continued)

SYSTEM (ELEMENT) FUNCTION

B. Surfacing (Cont'd)

9. Low Prsssure Blower * Provides the capability to control
Controller the speed, fast or slow, of the Low

Pressure Blower motor and an emer-
gency stop.

10. Low Pressure Blower . Provide lighted indicators to display
Displays motor run, slow or fast speed motor

operations.

11. Isolation and Low * Provide the capability to control the
Pressure Blow Header Low Pressure air supply to blow MEVs.
Valves

12. Low Pressure Blower • Provides the capability to exhaust
stale air from the ship when the ship
is surfaced or at periscope depth.

C. Buojancy (Trim Control &
Hoveringi

1. Sea Valve a Provides the means to isolate sea
pressure from the trim main piping.

2. Trim Pump e Provides the capability to transfer

water from one tank to the trlImvdis-
charge ,,.in for discharge into
another tdnk, for auxiliary use
throughout the ship or to sea.

3. Trim Pump Controller • Provides the capability to control
the pump speed in order to vary its
pumping rate.

4. Trim Pump Discharge , Provides the selection of directing
and Sea Connection the trim pump discharge "to sea" or
Control Valves to the trim discharge main (another

variable ballast tank).

5. Variable Ballast Tanks * Provide a means to ballast water in
order to control the trim and buoy-
ancy of the ship.
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Table rII-.A-2 (Continued)

SYSTEM (ELEMENT) FUNCTION

C. Buoyancy (Cont'd)

6. Trim Priming Pomp * Provides the capability to remove air
from the trim system piping, in order
to insure a positive s lion to the
trim pump.

7. Trim Priming Pump e The controller starts or stops the

Controller pump motor and can be operated local-
ly or at the Ballast Control Panel.

8. Flood and Drain Valve e Provide the means of isolating or
pumping water to/from its associated
tank.

9. Depth Control Tanks e Provide the weight variation during
(DCT) the hovering sequence and trim evolu-

tions.

10. Blow and Vent Valves e Provide the means to control the
blowing and venting of the associated
DCT.

11. Air Supply Valve * Provides the means to pressurize
depth control tank and automatically
regulate air pressure 50 psig above
sea pressure.

12. Hovering and Depth @ Provides the capability to throttle
Throttle Valve the flow of sea water for hovering

control; manually or automatically.

13. Hovering Sea Valve e Provides positive isolation from sea
pressure.
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TabZe III-A-2 (Continued)

SYSTEM (ELEMENT) FUNCTION

D. Steering and Diving

1. Conalog eProvides an automatic steering and
diving system to control the rudder
and diving planes (cannot control
buoyancy).

2. Ram (Rudder) *Provides the means to position the
rudder by a hydraulically actuated
ram.

3ý Power Transfer Valve * Provides the means to select either
main hydraulic oil (normal control)
or vital hydraulic oil pressure
(emergency control) to move the ram.,

4. Normal Control e Provides a supply of main hydraulic
oil pressure to move the associated
control surface plane in the desired
direction under proportional control.
Transfer to emergency control is marl-
ually or automatically initiated.

5. Hand Pump s Provides the means to generate
hydraulic oil pressure to move the
rudder when the normal supply of
hydraulic oil pressure is not avail-

able.
6. Emergency Control e Provides a supply of vital hydraulic

oil pressure to move the associated
control surface plane in the desired
directions under rate control trans-
fer to normal control is manually
initiated.

7. Ram (Fairwater Planes) * Provides the means to position the
fairwater planes by a hydraulically
actuated ram.



i i•Table III-A-2 (Concluded)

SYSTEM (ELEMENT) FUNCTION

D. Steering and Diving (cont'd)

8. Ram (Stern Planes) Provides means to position the stern
planes by a hydraulically actuated

"• iram.

9. . Hand Pumps (individual9. HandPumpts (individualr a Provides the means to generate hy-
unitst forn Fpra tr a draulic oil pressure to move either
sr lethe stern or fairwater planes when

the normal supply of hydraulic oil
___pressure is not available.

ii
I.j
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Tabte XIZ-A-3 System (Element) Functional Analysis ResuZts--Engineering
p Plant Subsystem

SYSTEM (ELEMENT) FUNCTION

Ll

A. Ship Propulsion

1. Propulsion Turbines * Develop the ship's primary propulsive
power through the interconnected
drive train.

2. Reduction Gear e Permits the propulsion turbines to

operate at their most efficient
higher speeds while the prcpeller may
operate at its most efficient lower
speed. Also provides the connection
of two main propulsion turbines to
one main shaft and propeller.

3. Propulsion Clutch * Provides the capability to either
connect nr disconnect reduction near
from the propeller shaft.

4.. Shaft Seal 9 Provides a seal around main shaft to
prevent inward seepage of sea water.

5. Shaft Lube Oil e Provides the capability to supply oil
to the clutch control oil system and
to lubricate main shaft components

. ;i and bearings.

6. Main Lube Oil * Provides pressurized control oil
supply for the main propulsion tur-
bines arid a source of lubrication
oil for the turbines and the reduc-
tion gear.

7. Lube Oil Transfer e Provides the capability to transfer
and centrifugally purify lubricating
oil between storage tanks and lube
oil sumps.

8. Ship Service Turbine . Supply the ship's AC power for dis-
Generators (SSTG) tribution (two for redundancy).
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Table 177-A-S (Continued)

SYSTEM (ELEMENT) FUNCTION

A. Ship Propulsion (cont'd)

9. SSTG Throttle Valves * Provide frequency control of the
ship's service turbine generators,
startup and shutdown of the turbines.

10. SSTG Lube Oil * Provides the capability to supply
control oil to the turbine throttle
and govenor valves and to lubricate
the turbine and generator bearings.

11. Emergency Propulsion • Provides a means for secondary
Motor (emergency) propulsive power when

the propulsion turbines are not used
L or operating.

12. RPM Transmitter . Provides indication of propeller
shaft speed and total revolution
count locally and at thj steam con-
trol panel.

13. Diesel Generator * Provides an auxiliary supply of
electrical power and an alternate
means of exhausting contam-aated or
stale air from the submarine.

14. Ship Service Motor * Provide a normal source of DC power
(battery is alternate) or an alter-
nate source of AC pro;er (SSTG is nor-
mal).

15. SSMG Excitation Con- * Provides a means to control the SSMG
trol to select operation as either an AC

or DC generator.

16. Battery e Provides an emergency source of DC
power to the vital equipment neces-
sary to support minimal ship opera-
tion (ie. EPM, lube oil, trim and
drain, SSMG to produce limited AC

41-power).
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Tc.abZe XIL-A-3 (Continuad)

SYSTEM (ELEMENT) FUNCTION

A. Ship Propulsion (cont'd)

17. Secondary Propulsion * Provides a propulsion source to as-
Motor (SPM) sist in restricted ship maneuvers

and may also provide a very limited
backup propulsion source.

18. Temperature Monitoring * Provide remote indication, continu-
ous monitoring and alarm of equipment
temperatures at critical points.

19. Main Electrical Dis- * Provides the manual and automatic
tribution Bus switch gear for control, redundancy,

protection and distribution of
electrical power.

B. Steam-Feed Flow

1. *Main Steam * Provides the means to distribute
steam from the source (steam gener-
ators) to those elements using high
pressure steam (ie. SSTG, auxiliary
steam reducer stations, main propul-
sion turbines).

2. Auxiliary Steam e Provide the means to reduce and dis-
tribute steam for auxiliary use (ie.
air ejectors, evaporator, lithium
bromide air conditioner, lube oil
stowage heaters).

3. Condenser * Provides a means to condense ex-
hausted steam and to collect it in
a hotwell at the bottom of the con-
denser.

4. Air Ejectors * Provide the capability to remove
noncondensable gases from the main
condenser.
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Tab~e IZI.-A-3 (Conti~nued)

SYSTEM (ELEMENT) FUNCTION

B. Steam-Feed Flow

5. Condensate Pumips e Provide the capability to provide a
F positive suction Pressure head to the

feed pump suction.

6. Feed Pumps e Provide a means to transfer water
from the condensate header to the
feed main at sufficient pressure to
feed the steam generators.

7. Feed Regulator Valve *Provides the capability to control
automatically the steam generator
feed rate.

8. Steam Generabor Water * Provides an automatic or manual con-
Level Control trol of the feed regulator valve in

order to parmit a constant water mass
or level within the steam generator.

9. Water Chemistry *Provides steam generator water treat-
ment chemical concentration deter-
mination and addition to prevent
corrosion or reduced oxygen content.

10. Surge Tank *Provides the capability to absorb
surges of condensate when feed water
demands change and to determine the

L requirement for make-up feed water
addition.

1 41
11. High Pressure Drains *Provide the capability to remove

condensation from steam piping in
order to prevent piping errosion or4
possible downstream element damage.'I12. Drain Valves *Provide the capability to manually
or automatically drain condensation
without passing steam.
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Tatie XII-A-3 (Concluded)

SYSTEM (ELEMENT) FUNCTION

B. Steam-Feed Flow (Cont'd)

13. Low Pressure Drains 9 Provides the capability to automati-
cally drain the condensation from
the lower pressure steam lines.

14. Hotwell Level Control * Provides an automatic control of the
variable speed condensate pumps. The
pump speed is varied in order to at-
tempt to maintain a desired hutwell
level range. This ensures a minimum
pump suction pressure and prevention
of condenser flooding.

15. Sea Water Cooling e Provides control of the transport
media (sea water cooling) to form
condensate .from turbine exhaust
steam and remove heat from various
Engineering Plant Elements.

16. Auxiliary Fresh Water * Provides the canability to supply a
Cooling cooling media (fresh water) to main,

shaft, and ship service turbine qen-
erator lube oil coolers, air coolers
(SSTG, EPM, SSMG), high pressure air
compressors, and hydraulic oil cool-
ers (main and vital),
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TabZe III-A-4 System (Element) Functional Analysis

Results - Auxiliary Subsystem

SYSTEM (ELEMENT) FUNCTION

A. Air Conditioning

1. Refrigerant Vapor Com- e Provide refrigeration to reduce chil-
pression Plants (R-114) led water temperature as required to

control equipment or atmosphere tem-
peratures.

2. Lithium Bromide Absorp- e Provides alternate refrigeration
tion Units capability.

3. Air Conditioning * Provides the cooling media (water)

Chilled Water which is circulated to maintain a
suitable atmosphere for eouipment
and the comfort of the crew.

4. Pumps (Chilled Water) e Provide the pressure to circulate
chilled water.

5. Air Conditioning Sea . Provides the cooling media (sea water)
Water which removes the heat from the air

conditioning plants.

6. Pumps (Sea Water) * Provide the pressure to circulate
sea water.

B. Compressed Air

1. High Pressure Air Banks e Provide the capability to store and
supply high pressure air (4500 psic).

2. Air Bank Stop Valve e Provides individual air bank isolation
capability.

3. High Pressure Air * Provides the means to compress air to
SCompressors high pressure.

4. Low Pressure Air (700 * Provides the capability to supply
psig) service air (700 psig) to the header

for distribution to ship's equipment
(i.e., hovering, sanitary tanks, es-
cape trunks, etc).

5. Low Pressure Air (150 * Provides the capability to supply ser-
psig) vice air (150 psia) to torpedo ,room

, and to several ship's applications
I (i.e., fuel oil tanks, ventilation

A_ head valve operation, etc)
111-24



Table III-A-4 (Continued)

SYSTEM (ELEMENT) FUNCTION

B. Com-ressed Air (Cont'd)

6. Low Pressure Air (100 e Provides the capability to supply
psig) service air (100 psig) to the header

for distribution to ships equipment
(i.e., emergency air breathing, emer-
gency SSTG Tube oil drive, serviceair, etc).

7. Low Pressure Air (400 * Provide the capability to supply air
psig) to the torpedo tube firing system.

8. Low Pressure Air (40 e Provides the capability to supply
psig) air to the potable water system.

9. Low Pressure Air (20 * Provides the air supply for operating
psig) control and sensor devices, primarily

ventilation and air conditioning.

10. Low Pressure Air (75 * Provides an alternate air source for
psig) 02 generator control.

11. Control Air Compressors e Provide the means to pressurize air
for a normal source for 02 generator
control.

V C. Crew Support

1. Refrigerant Plants * Provides the capability to supDly re-
frigeration to each of the ship's

chilled stores, frozen food storage,

r and miscellaneous refrigeration units.

2. Thermostat Controls * Provide the capability to convert
temperature measurements into air
pressure signals to control overall
refrigeration plant operation.

3. Refrigerant Compressor e Provides the means to pressurize the
refrigerant (Freon 12).

4. Electrical Distilling * Provides an alternate means to convert
Unit sea water to fresh water to support

_k_ ship and crew operation.
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Ila Jr
"•..' Table III-A-4 (Concluded)

SYSTEM (ELEMENT) FUNCTION

C. Crew Support (Cont'd)

5. Steam Evaporator 9 Provides the primary means to convet
sea water to fresh water.

6. Salinity Cell e Provides the capability to monitor
fresh water for salinity purity (con-
tinuity).

D. Equipment Support

1. Main Hydraulic System • Provides ths capability to supply
hydraulic oil pressure to the majority
of the hydraulically operated equip-
ment throughout the ship.

2. Vital Hydrauiic System * Provides hydraulic oil pressure to
"vital" hydraulically-operated eouin-
ment throughout the ship.

3. External Hydraulic * Provides the capability to supply
System hydraulic oil pressure to equipment

actuators exposed to sea water pres-
sure (antennas, periscopes, masts,
and snorkel masts).

4. Electronic Cooling e Provides the ci•pability tc distribute
System fresh water to cool electronic compon-

ents.

5. Fuel Oil and Compensa- e Provides the cspability to renlace
ting Water used fuel oil with sea water and

maintain a system pressure by either

I water or air.

6. Anchor Control a Provides the means to secure, release,
and raise the anchor.

7. Capstan * Provides the capability to utilize
mooring lines to move the ship as de-
sired while next to the pier or wharf.

" "AV 111-26
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A AV Table ILT-A-5 System (Element) Functional Analysis Results
Navigvation Subsystem

SYSTEM (ELEMENT) FUNCTION

1. Gyro Compass (MK-19) *Provides a heading indication to steer
the ship (in addition to the inertial
navigation system).

F2. Dead Reckoning Analyzer e Provides a summation of ship movement
Indicator (DRAI) in both easv-west and north-south di-

rections.

3. Electromagnetic Log e Provides a shin velocity indication.

4. Dummy Log @ Provides the capability to simulate
desired ship velocity indications.

~ ~ ~ C' D.~.na 0-4- -ftl .. ,, -.A ma ~ nmn..

put'ýr (CNC) dations based on navigational infor-(I ~mation inputs.
6. D/D Converter a Transmits digital-to-digital ifra

tion to and from the CNC.

7. A/D Converter *Transmits analog-to-digital informa-]
tion to arid from the CNC.

8. Magnetic Tape Unit (MTU) *Provides data input to the CNC and4
provides recording capability through
the CNC.

k9. Multispeed Repeaters (MSR) e Transmits analog data for the missiles
(roll, pitch, and heading).

10. Navi ation Switchboards *Provides automatic or remote switching
(N!B capability for desired navigational

11. Computer Writer Adapter Prvdstecpblt to adapt sig-
(CWA nal fro theCNC in order to provide

an aternte etho ofrecording data.

1.Navigation Control Console *Provide a central control console for
(NC input to and output of the CNC.

13. Navigation Operational s Provides a central console to simulate
Checkout Console (NOCC) test signals for checking various navi-

-______________ gation subsystem equipment.j
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, T•abZe ILI-A-5 (Concluded)

SYSTEM (ELEMENT) FUNCTION

14. Satellite Fix Equipment 9 Provides the capability to obtain
(AN/BRN-3) navigational fix information trans-

mitted by satellite.

15. Radio :,vi.•on Fix * Provides the capability to obtain
Equipment Y4,18RN-5) navigational fix information trans-

mitted by ground based stations.

16. Ocean Bottom Navigational S Provides the capability to obtain
Fix Equipment (AN/BQN-3) navigational fix information by ocean

bottom comparison.

17. Inertial Navigation * Provides computer controlled inertial

I'.

[1
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T.b~e I1I-A-6 System (Element) FunctionaZ Analysis
%.• . Results - External Communications

Subsystem

SYSTEM (ELEMENT) FUNCTION

1. Transmitter (AN/WTR-4) s Provides high Power transmission capa-
bility within the MF and HF ranges.

2. Transceiver (AN/SRC-20) * Provides transmitter and receiver capa-
bilities within the UHF range. Used
for harbor control.

3. Transceiver (AN/URC-32) 6 Provides medium power transmitter and
receiver capabilities within the MF and
HF ranges.

4. Receivers (AN/WRR-3 and * Provides redundant receiver capabilities
AN/BRR-3) within the VLF range.

5. Receivers (R-105) • Provides redundant receiver capabilities

within the MF and HF ranges.

6. Security Equipment * Provides message security through auto-
matic or manual encryption and decryp-
tion.

7. Radio Telephone * Provides the capability to use hand
phones and/or speakers for voice communi-
cations from local or remote control
stations.

8. Teletype * Provides the capability to obtain aH typewrizten copy of desired messages.

9. Multicoupler (AN/BRA-16) * Provides controlled switching of com-
munications input/output devices.

10. Receiver (AN/URR-44) e Provides radio reception for ships crew

entertainment.

11. Test Set (AN/URM-114) a Provides signal generation for testing
capability.

12. Tape Recorder (RD-219) * Provides the caDability to record re-
ceived voice and CW messages.

113. Antennas 6 Provides a normal alternate, or emer- J
gency antenna, which can be used throuoh
out the frequency range of each Diece

I I ,of communications equipment and the
,~ .means for control of those antennas.
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Table 111-A-? System (Element) Functional Analysis Results-
SonarlECM Subsystem

SYSTEM (ELEMENT) FUNCTION

A. Sonar

1, Passive Snnar (AN/BQR e Provides wide frequency band passive
-2) Cylindrical Array reception of any char3cteristic sound

change in the surrounding water.

2. Active Sonar (AN/BQS-4) * Provides the capability for detection
of a reflected sound pulse (echo
ranging).

3. Passive Sonar * Provides an alternate wide frequency
(AN/BQS-7) band passive reception of any charac-

teristic sound change in the surround-
ing water.

4. Passive Sonar (AN/BQR @ Provides wide requency band passive
-15) Trailing Array reception of any characteristic sound

change in the surrounding water. Ar-
ray loca'ion provides contact detec-
tion behind the submarine and addi-
tional taYrget motion analysis tech-
nique availability.

5. Passive Sonar * Provides the capability to monitor
"(AN/BQR-20) selected narrow frequency bands which

aid in contact classification. Other
passive sonar arrays are used to ob-
tain this signal.

6. Passive Sonar (AN/BQR e Provides a sonar search above a thermal
-19; Overhead Array level within the water. Increases ship

safety when changing to periscope depth.

7. Sonar Performance Com- e Provides physical information which
puter (AN/BQA-8) indicates the sonar capabilities with-

in local waters.

8. Sonar/ECM (AN/WLR-9) e Provides a dedicated sonar to detect
and alarm on reception of a charac-
teristic "threat" sonar.

9. Fathometer (AN/UQN-i) a Provides the capability to determine
_water depth under the ship.
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Table III-A-? (Continued)

SYSTEM (ELEMENT) FUNCTION

A. Sonar (Cont'd)

10. Underwater Telephone e Provides the capability to communicate
(AN/WQC-1) (voice or CW) outside of the ship

using water as the transfer medium.

11. Sonar Contact Parameter * Provides the capability to modulate
Identification (AN/BQQ the wide frequency band to determine
-3) sonar contact oarameters such as the

number of propeller blades or the
number of propellers.

19 Sundtl Velnrifv PDfil s Providae the rxnahilitv tn dptprminp

(AN/BQH-1) water density changes in relation to
water depth.

13. Bearing Time Recorders e Provides an automatic hard copy dis-
play of continuous contact bearings
in relation to time.

14. Tape Recorder (AN/UNC * Provides a continuous record of oral
-7) sonar receptions, communications,

and operator evaluations of contacts.

15. Emergency Underwater * Provides an emergency method of under-
Telephone water communicatioots exterior to the

ship. Transmitter/receiver sets are
at both ends of the ship.

B. ECM

1. Radar * Provides a limited surface search and
navigational radar capability.

2. ECM Equipment * Provides the capability to search re-
(AN/WLR-1) quired frequency baris for electro-

magnetic transmissions and identify
• the electronic characteristics of any

received signal to allow possible
source identification.

3. ECM Equipment e Provides a fast automatic search of
(AN/BLR-1O) the higher frequency bands for electro-

magnetic transmissions which are of
, •the greatest threat toward detection.
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Tabte IZI-A-7 (ConcZuded)

I SYSTEM (ELEMENT) FUNCTION

B. ECM (Cont'd)

4. Microwave Intercept * Provides early warning of possible
Receiver "threat" radars by use of the pei-

scope as the antenna mast. This nro-
vides less antenna exposure than the
ECM antenna but less characteristic
information on a received signal.

5. Electronic Identifi- s Provides the capability to electron-
cation (AN/UPX-17) ically identify the ship on request.

A coded electronic reply is initiated
I in response to a coded electronic re-

quest.

113
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Tc~ble III-A-8 System (Element) Functional Analysis Results -
_______. Defensive Weapons Subsystem

SYSTEM (ELEMENT) FUNCTION

1. Torpedo Tubes e Provide the capability to eject the
torpedo from the ship, either by
water impulse or swimming out. Also
provides the control to flood or
drain sea water from a tube.

2. Torpedo * The mechanism to transport the explo-

sive to the desired target.

3. Signal Ejectors e Provide the capability to launch in-
dication or decoy devices from the
ship.

4. Fire Control System e Provides the capability to remotely
input desired torpedo control siqnals,
directly or indirectly as computed by
the equipment, and to initiate tor-
pedo firing.

5. Bearing-Range Indicators * Provide the capability to display
(MK-8) continuous target bearing or range

information from a selected source.

6. Manual Target Motion • Provide information which can be
the best target motion solution.
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Table XXI-A-9 Sy.stem (Element) Functional Analysis Results -

Strategic Weapons Subsystem

SYSTEM (ELEMENT) FUNCTION

1. Missile Tubes c Provide the storage and ejection
cylinder for the missiles.

2. Gas Generators * Provide the gas pressure necessary to
impulse the missile out of the tube
and to the water surface.

3. Missile Tube Pressuri- * Provides the capability of equalizinq
zation missile tube pressure with the asso-

ciated sea pressure to permit opening
the missile tube hatch.

4. Missile Gas System e Provides a source of stored nitrogen
and the capability to inert the missile
tubes if desired.

5. Missile Compensation * Provides the capability to automati-
cally compensate for the lThrge weight
changes (maintain buoyancy) associa-
ted with launching a missile.

6. Missile Hydraulics * Provide a hydrauliG source and control
valves for hydraulically operated
equipment associated with the missile
tubes.

7. Attach Center Indicating * Prov"'Is remote status indication
Panel with the ships control room of each

missiie and provide the capability to
grant or withdraw the cap3bility to
launch missiles.

8. Missile Tube Temperature e Provides the capability t; measure
Control and control the missile tube temper-

ature.

9. Missile lube Dehumidifi- e Provides the capability to measure
cation ithe humidity, alarm, and dehumidify

each missile tube's atmosphere.

10. Optical Reference * Provides the capability to transfer
position of the reference inertial
platform (navigation) to each missile.
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Table III-A-9 (Concluded)

SYSTEM (ELEMENT) FUNCTION

* 11. Irntegrated ita Acquisi- a Provides the capability to record
tion Subsystem (IDAS) pertinent subsystem data.

12. Fire Control System 0 Provides the capability to determine
(MK-88) fire control parameters, transmit

data to each missile, and control
the fire control sequence.

13. Missile Test and Readiness * Prepares and checks out missile
Equipment (MTRE) readiness conditions. Sequentially

performs and monitors each missile
under control of the fire control
system.

, :: 111-44
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Table III-A-1O System (Elchient) Functional Analysis Results -

Habitability Subsystem

SYSTEM (ELEMENT) FUNCTION
A. Life Support

1. Ventilation * Provides for the recirculation of air
throughout the ship, emergency venti-
lation of any portion of the ship,
introduction of exterior air into the
confined ship's atmospnere, and an
air supply to the diesel engine.

2. CO2 Scrubbers e Provide for removal and concentration
control of carbon dioxide within the
atmosphere.

3. 02 Generators a Provide for the 1production of oxygen
to replenish that used while submer-
ged.

4. CO/H 2 Burne,'s * Provide for removal and concentration
control of ceabon monoxide, hydrogen,
and some hydrocarbons within the at-
mosphere.

5. 02 System • Provides storage banks and variable
regulated distribution to the atmos-
phere.

6. Potable Water * Provides the capability to store and
distribute potable water.

7. Galley 9 Provides the capability to prepare
food and maintain the necessary dining
utensils.

8. Laundry o Provides the capability to wash and
dry laundry on board ship.

9. Atmosph(re Analyzer e Provides the capability to sample the
atmosphere of each compartment through
a central console. Provision is pro-
vided to determine the concentration
of 'hose gases necessary for life sup-
port and those detrimental to life
support that may be generated on
board ship.
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Table III-A-IO (Continued)

SYSTEM (ELEMENT) FUNCTION

A. Life Support (Ccnt'd)

10. Total Hydrocarbon e Provides a time-related total concen-
Analyzer tration of hydrocarbons as well as

the concentration of some specific
hydrocarbons. Results and concen-
trations can be compared in a time-
related manner.

B. Waste Management

1. Trash Disposal Unit * Provides the capability to dispose of
trash in a covert manner.

2. Plumbing - Sanitary 9 Provide the capability to collect and
Tanks dispose of liquid and semi-liquid

waste.
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Table III-A-1i System (Element) Functional Analysis Results
Casualty and Damage Control Subsystem

SYSTEM (ELEMENT) FUNCTION

1. Water-tight Doors and * Provide the means to isolate the
Hatchas ship's compartments with water-tight

seal doors.

2. Escape Trunks * Provide escape exits for emergency
exit from the ship. Most of the es-
cape trunks are also used for normal
entrance and exit of equipment and
crew.

3. Submersible Pumps @ Provide portable submersible pumps
to supply a backup method of removing
wateý" from bilges.

4. Damage Control Tools e Provide a set of hand tools (wrenches
screw drivers, cutters, etc), sealing
devices (patching materials, metallic
straps, etc) for emergency or casual-
ty repairs.

5. Emergency Lighting * Provides emergency lighting capabili-
ties for permanently mounted and
purtable units.

6. Fire Extinguishers 0 Provide portable fire fqghting caDa-
bility with CO2 and chemical extin-
guishers to control fires within the
capability of the extinguishers.

7. Fire Hoses * Provide the capability to control
large fires with sea water.

8. Steam Suits * Provide heat retardant suits with
the capability for connection to an
external air supply for application
VV i , LA .2 I6..UII I %;UN %,UZUU 1 6~Y

9. Salvage Air p Provides the capabilities to pressur-
ize the ship's compartments from
internal air systems, and from out-
side sources.

* 1 10. Internal Communications * Provide the capability for sound
powered and amplified internal voice

AN __ _ _ _communications circuits.
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"Table II-A-l1 (Concluded)

SYSTEM (ELEMENT) FUNCTION

11. Emergency Air Breathing e Provides the manifold outlets to con-
(EBA) nect air breathing masks within the

ship's compartments for emergency
atmosphere control.

12. Oxygen Breathing Apparatus • Provides a portable breathing iung1OBA) which utilizes a self-contained oxygen
source (time-Pimited) for use within
a co!,taminated atmosphere.

13. Lithium Hydroxide Canis- * Provide a backup method to remove CO2
ters from the ship's atmosphere.

14. Radiation Detection . Provides the canability to measure
air, surface, and water radiation
levels.

15. Messenger Buoy * Provides the capability to release a
buoy if disabled in order to identify
the ship location &nd aid in rescue
activities.

16. Security Buoy o Provides the capability to release
(manual or automatic) a casualty buoy
which will transmit a casualty message.

Lii
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2. Crew Functions

The crew functions, operations, and activities required to operate
the current baseline SSBN for nominal, non-nominal, and casualty
evolutions are presented in this section. The data represent
the results of an in-depth analysis of crew functions on current,
operational SSBNs, The data were obtained from reviews of axiLting
Naval manuals and regulations and interviaws with active-duty ana
retired Navy submarine command personnel.

Specific emphasis in these analyses was directed to evaluations of:
(1) specific crew member duties and responcibilities; (2) specific
crew operations required to accomplish the SSBN mission functions and
evolutions; and (3) the command structure on SSBNs including the
underway and in-port watch structure and tihe administration struc-ture. These data served as the bLsf s for determining the impact of

mechanization concepts on crew functions and procedures and on crew
size discussed in Sectiop III-B,6 of the report.

The data are presented in three categories:

a. SSBN Watch Organization - A discussion of watch standei
requirements and responsibilities, specification of underway and
in-port watch structures, and identification of personnel respon-
sibilities and organizational relationships.

b. Administrative Structure - Identification of typical SSBN
administrative structure.

c. Operational Analyses - Identification of nominal SSBN mis-
sion segments and relevant Bills, and specification of crew member
command responsibilities, actions, and communication responsibil-
ities for eight major ship control Bills.
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4

a. The SSBN Watch Organization - The basic purposes and
reauirements for watches on naval vessels are set forth in U. S.
Navy Regulations which state that watches are established for the
safety and proper operation of the conmnand.

The following instructions, paraphrased from General Duties of Watch
Officer, U. S. Navy Regulations, set forth the general guides for
standards to be met by all watchstanders. Specifically each person
on watch:

* is responsible for the proper performance of all duties pre-
scribed for his watch and all persons under him will be subject
to hUs orders;

9 remains responsible for his watch and at his station untia. prop-
erly relieved. He is required to instruct all persons on watch
under him in the performance of their duties, and to ensure
that they are at their stations, attentive. alert, and ready for
duty. He will train himself and his subordinates to foresee
situations which may arise and to take such timely and remedial
action as may be required;

e is responsible for informing the appropriate persons of matters
pertaining to his watch which they should knov for the p:oper
performance of their duties;

9 makes all required inspections and any such additional ones as
permittad and considered necessary to ensure that the duties
of the watch are properly performed.

There are two primary areas of responsibility assigned to watch-
standers--casualty action, and log-keeping and instrumentation.

In terms of casualty action, each watchstander is required to read
and understand all casualty procedures pertinent to his watch
station and to review these casualty procedures periodically as
necessary to ensure complete familiarity. In the event of a casual-
ty at his watch station, he takes active charge of casualty control
until relieved by a senior, and all casualties and abnormal condi-
tions are reported, through the watch organization, to the Officer
of the Deck or tLe Duty Officer.

The importance of log keeping and instrumentation monitoring
responsibilities has been emphasized from extensive experience
with naval machinery/equipment. Therefore, watchstanders are
required to carefully note the significance of log readings and
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trends. A review for trends at the time of recording hourly read-
ings may indicate a system change which can be diagnosed and rec-
tified before the situation deteriorates into a casualty. All such
trends are reported immediately and investigated promptly.

Underway watches are never longer than six hours in length except
for abnormal evolutions or casualty actions. The stanaard watch
is four hours in length. In-port watches will normally be four
hours in length but may be extended as ne .-ssary to meet special
requirements (e.g., during overhaul or new construction).

Watch rotation requires the relieving watchstander to make a thorough
and complete inspection of all spaces and equipments under his cog-
nizance before relieving the on-duty watchstander. It is usual
practice for the relief to examine all applicable equipment log read-
ings on his watch station since he last had the watch, noting any
variations from normal such as voltages, pressures, temperatures,
etc. [He is specifically required to read the commentary sections
(remarks) of applicable logs back to the last time he was on watch
(or to the time of getting underway, plant startup, equipment light-
off, or for the preceding three watches if continuity of watches
has been interruped) carefully noting and discussing unusual 'ýon-
ditions, deviations from normal or other matters of impoztance.]
Such variations should be discussed and any questions resolved prior
to watch relief. Watch relief must also insure that the preceding
watch has completed and signed the log sheets as requiired.

1) Normal Underway Watch Requirements - The SSBN crew .s
organized into three watch sections for underway cruising. Each A

section is capable of operating the ship both surfaced and sub-
merged on all types of propulsion. The watch structure is shown
in Table III-A-12.

Note: Only personnel currently qualified in accordance with the
provisions of BUPERSINST 1340.40 are assigned to watch stations
marked with an asterisk. Specific instructions regarding station-
ing these watches are presented in Engineering Department Organ-
izaLiuL" MdLUdl fut Naval . Nuc.. a. Ppusi.I... ..

1<

J
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Table III-A-12 Normal Underway Watches

• WATCH ESUBMERGED ISURFACED NORMALLY MANNED

Officer of the Deck Periscope Station Bridge Officer

Diving Officer of Control Center Officer/CPO
the Watch

Chief of the Watch BCP BCP CPO/Senior PO

Quartermaster Attack Center Attack Center QM

Navigation Center Navigation Center Navigation Center ET/QM
Supervisor

Navigation Watch Navigation Center Navigation Center ET/QM

Navigation Equipment Navigation Center Navigation Center ET
Tecnnician

Sonar Supervisor Sonar Control Room Sonar Control Room ST

Radar/ECM Attack Center Attack Center ET

Sonar Operator Sonar Control Room Sonar Control Room ST

Radio Supervisor Radio Room Radio Room RM

Radio Operator Radio Room Radio Room RM

Helmsmai. Helm/Fairwater Planes Helm SN/FN

Planesman Stern Planes Bridge Lookout SN/FN

Lee Helmsman/Messen- Control Center Control Center SN/FN
• .ger

Torpedo Room Watch Torpedo Room Torpedo Room TM
Missile Control Super- Missile Control Center Missile Control FT/MT
visor Center

MCC Assistant (when Missile Control Center Missile Control MT/FT

assigned) Center

LOS Watch Missile Compartment Missile Compart- TM/MT
ment

Assistant LOS Watch Missile Compartment Missile Compart- MT/TM
ment

Missile Compartment Missile Compartment Missile Compart- TM/MT/FTB
Rovinq Patrol ment

EOOW* IManeuvering Room IManeuvering Room lOfficer

Engineering Watch Engineering Spaces Engineering Spaces CPO/Senior PO
Supervisor*

Throttleman* Maneuvering Room Maneuvering Room EM/IC

Electrical Operator* Maneuvering Room Maneuvering Room EM/IC

4dW *Only personnel who have successfully completed nuclear power training shall

be assigned to these watches.
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Table III-A-12 (Concluded)

S WATCH SUBMERGED SURFACED NORMALLY MANNED BY

Reactor Operator* Maneuvering Room Maneuvering Room ET
Auxiliary Electrician Control Room Control Room IC/EM

Forward
AMR #2 Upper Level* AMR #2 UL/Tunnel AMR #2 UL/Tunnel ET/IC

Auxiliary Watch For- Control Room Control Room MM
ward

Engine Room Super- Engine Room Engine Room MM
vi sor*

Engine Room Upper Engine Room UL Engine Room UL MM
Level*

Engine Room Lower Engine Room LL Engine Room LL MM
Level*

AMR #2 Lower Level AMR #2 LL AMR #2 LL MM
Watch*

Auxiliaryman Aft Engineering Spaces Engineering Spaces MM
A..MR #I AMR #1 AM #1 ,EM/ IC

Engineering Labora- Nucleonics Labora- Nucleonics Lab- MM
tory Technician* tory oratory

Auxiliary Electrician Engineering Spaces Engineering Spaces EM/IC
Aft*

*On~ly personnel who have successfully completed nuclear power training
shall be assigned to these watches.
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The underway watches identified below are nornally stood on a part-time
basis as assigned by the appropriate Department Head.

SPECIAL WATCHES STATION NORMALLY MANNED BY
(may have one or more
men per watch)

Ship's Cooks Galley MS
Messmen Galley SN/FN
Yeoman Ship's Office YN
Stewards Pantry MS.
Hospital Corpsman Sick Bay IM
Storekeepers Supply Office SK

The specific responsibilities and organizational relationships of
personnel assigned major responsibility for ship control functions
are presented in Table III-A-13.

2) Watch Organization In-port - The in-port duty section is
responsible for the security of the ship at anchor or moored. It
shall be directed and supervised by a Duty Offizer assisted by an
Engineering Duty Officer and shall consist of sufficient personnel
having the necessary qualifications to get the ship underway and
perform all routine submarine evolutions. As a minimum, the in-
port duty section shall be composed of the following:

* Duty Officer;
* Weapons Duty Officer (if tactical missiles are on board);
e Duty Chief Petty Officer;

* Engineering Duty Petty Officer qualified as Engineer-
ing Watch Supervisor;*

SContinuous Petty Officer of the Deck;
e Continuous Topside Sentry;
* Continuous Below Decks Watch;
• Continuous Shutdown Maneuvering Area Watch;*
a Continuous Propulsion Plant Shutdown Roving Watch;*
SShutdown Electrical Operator (when assigned);* "
9 Continuous Weapons Watch (if missiles or ASTOR are

on board);
e Other departmental watches as required.

The specific responsibilities and organizational relationships
of in-port watch personnel are identified in Table IIi-A-14.

*Only personnel who have successfully completed nuclear power
training shall be assigned to these watches.
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Table III-A-i S$SS•I Vtnd 'ez Watoh Personnel Reaponsibilitiea
ORGANIZATIONAL DTE

PERSONNEL BASIC FUNCTION ORNATIONDUTIE
SRELATIONSHIPS

Officer of the The Officer of the Deck The Officer of the Deck Keep himself informed concerni
Deck (OOD) underway is that offi- reports directly to the affect the safe navigation of t

cer on watch who has Commanding Officer for grounding or collision in acco
been designated by the the safe navigation and road, and the orders of the C
Commanding Officer to general operation of Keep h-mself _nfumed concernn
be in charge of the the ship and to the Kee he Co fma d Oncerni
ship. He is primarily Executive Officer for
responsible, under the carrying out the ship's operations.
Commanding Officer, for routine. Keep himself aware of the statu'
the safe and proper op- ordered condition of readiness
eration of the ship, Officer and the Weapons Officer-,and for the safety andandrforathe safetysand Keep himself informed of the stk
performance of person-
nel in the ship. Keep himself informed of the stj

control equipment. The Command,
cal Officer shall be notified w

Make all reports to the Commandl
and by the Commanding Officer.
Ensure that the Executive Office
changes in the tactical situatil
heavy weather, equipment out ofý
a change in the ship's routine

Keep the Navigator informed of €E ~changes in visibility, of s~ightl
buoys, discolored waters or dera
indications of set and drift anO

Ensure that the required repoeti
or other routines are made pronit

Issue necessary orders to the h
an assigned position or to chang
with orders of proper authority.ý

Directly supervise all personnel:

exercise overall control of othd

Kep eand sign the Deck Lng, suno

Upon being rei'eved, complete an
report the results oý t.his inspo
to the ConToandinq Officer.
Prior to dtving the ship, obtafi
In case ship must be submerged f
surface the shiD if soundings 11

SPECIAL NOTE: Distinction bet
DecR Fus e thoroughly aware os
control of the movements of the
the watch as outlined in U. S.
Conn Is also Officer of the Deck
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DUTIES, RESPONSIBILITIES, AND AUTHORITY

Peck Keep himself informed concerning the tactical situation and geographical factors which may
Vthe affect the safe navigation of the ship, and take appropriate action to avoid the danger of
Ior grounding or collision in accordance with tactical doctrine, the rules of the nautical
iand road, and the orders of the Commanding Officer or other proper authority.

Keep himself informed concerring current operation plans and orders, intentions of the OTCr and the Commanding Officer, and such other matters that may pertain to ship or force
Pi operations.

Keep himself aware of the status of the Torpedo and Missile batteries, ensuring that the
ordered condition of readiness Is maintained, and promptly reporting to the Commanding
Officer and the Weapons Officer any changes in the condition of readiness.

Keep himself informed of the status and current capabilities of the engineering plant.

Keep himself infonred of the status and condition of the ship's atmosphere and atmosphere
control equipment. The Commanding Officer, Executive Officer, Engineer Officer and Medi-
cal Officer shall be notified whenev.- internal atmospheric conditions are abnormal.

Make all reports to the Commanding Officer that are required by U. S. Navy Regulations,
and by the Commanding Officer.

Ensure that the Executive Officer and Department.Heads concerned are kept informed of
changes in the tactical situation, changes in operations schedules, the approach of
heavy weather, equipment out of commission, or any other circumstances which would require
a change in the ship's routine or other action on their part.

Keep the Navigator informed of changes of course, speed and depth, notify Navigator of
changes in visibility, of sighting of all land, shoals, rocks, lighthouses, beacons,
buoys, discolored waters or derangements to steering system or navigational equipment, and
indications of set and drift and unanticipated changes in fathometer readings.

Ensure that the required reports to the Officer of the Deck concerning tests, inspections
ur other routines are made promptly and are properly organized.

Issue necessary orders to the helm and Maneuvering Room to avoid danger, to take or keep
an assigned position or to change the course, depth and speed of the ship in accordance
w~th orders of proper authority. ._

Directly supervise all personnel on search and shtp control watche' when submerged and
exercise overall control of other watchstanders at all times. _

Keep and sign the DEck log, supervising entries made by other, personnel of his watch.

Upon being relieved, complete and sign the Deck Log, inspect the ship forward of Frame 85,
report the resoults of -this in'4pection to the Officer of the Deck, and report his relief
to the "ommWnding Officer. __

Prior to diving the ship, obtain verified sounding to assure adequate depth below the keel.
In case ship must oe submerged for emergency purposes prior to obtaining such sounding,
3u.fact the ship if soundings indicate insufficlent depth. __

SPECIAL NOTE: Distinction between the Deck and the Corn. Underway, the Offtcer of the
De'k -e-ust thoroughly aware of the distinctton between the conn, which is the actual
control of the movements of the qhip, and the deck, which Is the supervisory authority of
the watch as outlined in U. S. Navy Regulations and above. When the Officer who has the
Conn Is also Officer of the Deck, he has the responsibilities imposed by Navy Regulations
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Table .TLT-A-13 (Continued)

ORGAN IZAT IONAL DTE EP
PERSONNEL BASIC FUNCTION RELATIONSHIPS DUTI RESP

Offlcer of the as well as those additional ones impos,
Deck (OOD) A definite policy of taking over and r

of the conn must 5e clearly understood.
by him and, most important, carefully
who manually perform the movement dire
measure of responsibility for the -hip.
when he is relieved of the conn 5y che,

The Commanding Officer, at his discret
conn. In addi'tton, he may direct the
conn; but he will rarely, if ever, reil

k! engine order telegraph will, however,
for direction of the ship's movements-"
ensure efficient response and eliminat'
sidered proper for the OOD to announce
as appropriate) has the conn", and immn
the conn, "Sir, I have relinquished th,

Diving Officer The Diving Officer of The Diving Officer of Keep informed of the navigational factI
of the Watch the Watch is that offi- the Watch reports the ship.
(DOOW) cer or senior petty directly to the OfficerK

officer (P01 or above) of the Deck. Keep informed of the status of all equý
on watch directly re- Adjust trim and compensation of the sh
sponsible to the Offi- Direct the activities of the Chief of
cer of the Deck for and ship attitude during submerged mani
safe and proper submer- the ship.
ged control of the
ship. Officers and Control routine pumping of all bilges
Senior Petty Officers Make all required reports to the Office
will be designated by
the Commanding Officer Inform the Ship's Diving Officer of ted
as qualified to act as his attention.
Diving Officer of the
Watch.

Chief of the The Chief of the Watch The Chief of the Watch
Watch (COW) is the assistant to the reports directly to th Stand his watch at the Ballast Control

Officer of the Deck Officer of the Deck
(when surfaced) and to (when surfaced) and to Initiate the execution of ordered dive
the Diving Officer of the Diving Officer of Diving Officer of the Watch.
the Watch (when sub- the Watch (when sub- C o tmerge). meged).Carry out the routine of the ship as s

merged). merged). Day,'and orders of the Officer of the 0

In the absence of an officer on watch
of an emergency, ensuring that word is`
the Officer of the Deck fully informed
emergency until an officer relieves him

Ensure that fathometer readings are taR
any dangerous situation is deemed to e.



DUTIES, RESPONSIBILITIES, AND AUTHORITY

,,as well as those additional ones imposed by directives of the Commanding Officer.

A definite policy of taking over and relinquishing the conn must be followed. The status
,of the conn must be clearly understood by the Officer of the Deck, verbally acknowledged
:by him and, most important, carefully b1-ought to the attention of all personnel on watch
,who manually perform the movement directed by the Officer who has the Conn. A considerable
Measure of responsibility for the ship's safety remains with the Officer of the Deck even
when he is relieved of the conn by the Commanding Officer or other duly qualified officer.

i.The Commanding Officer, at his discretion,, will relieve the Officer of the Deck of the
iconn. In addi'tton, he may direct the OOD how to proceed at any time without assuming the
•conn; but he will rarely, if ever, relieve the deck. Any direct order to the wheel or
!.engine order telegraph will, however, itself constitute assumption of the responsibility
'for direction of the ship's movements--the conn. Under these conditions, in order to
Iensure efficient response and eliminate the possibility of conflicting orders, it is con-
isidered proper for the OOD to announce to the bridge watch, "The Captain (or other officer
[as appropriate) has the conn", and immediately thereafter report to the Officer who has
,the conn, "Sir, I have relinquish!d the conn."

eep informed'of the navigational factors involving safe and proper submerged control of

the ship.

Keep informed of the status of all equipment which may affect submerged ship control.

Adjust trim and compensation of the ship for best submerged control.

,Direct the activities of the Chief of the Watch and planesman in maintaining ordered'depth
ýand ship attitude during submerged maneuvering, and in conducting diving and surfacing of
Lthe ship.

Control routine pumping of all bilges with the drain system.

ake all required reports to the Officer of the Deck.

Inform the Ship's Diving Officer of technical, material and training matters which come to
his attention.

IStand his watch at the Ballast Control Panel.

zinitiate the execution of ordered dive and take charge of the dive until relieved by the
;Diving Officer of the Watch.

Carry out the routine of the ship as specified by Ship's Instructions, the Plan of the
Dity, 'and orders of the Officer of the Deck or the Diving Officer of the Watch.

in the absence of an officer on watch in the Control Center, initiate action in the event
of an emergency, ensuring that word is passed and alarm sounded when appropriate. Keep (
the Officer of the Deck fully informed and supervise the execution of orders to combat the
e-ergency until an officer relieves him of these duties.

Ensure that fathometei readings are taken, recorded, and reported when dtrected or when
•any dangerous situation is deemed to exist.
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TabZe III-A-13 (Concluded)

PERSONNEL BASIC FUNCTION ONDUTIES,' RELATIONSHIPS

Engineering The Engineering Offi- The Engineering Officer Ensure that all orders received VOfficer of the cer of the Watch is of the Watch reports executed. He shall not permit th
Watch (EOOW) that officer on watch directly to the Officer

certified by the Engin-of the Deck. The En- Report promptly to the Officer o0
eer Officer and Com- gineer Officer may di- probable derangement of machinery,
manding Officer as rect the Engineering Ensure that alert watches are beli
qualified to be in Officer of the Watch operated in accordance with inst
charge of the propul- concerning his duties ified personnel in accordance wi
sion plant, its asso- and may assume the dut- inspections and safety precautionf
ciated auxiliaries and ies of the watch when Prior to relieving as Engineerin
the atmosphere control in his judgment such suions an makevn an
equipment. He is pri.. action is necessary. situations, and make an inspectio.
marily responsible for Exercise the strictest control ov.
the safe and proper ance with current directives.
operation of such
units and is responsi- Ensure that the Engineering Log,
ble under the Officer properly kept and that the BellI';~ ~ ~ ~ ~ ~l saferty e Officer Egnern ffcrofteWacof the Deck, for the viduals who have knowledge of the,! saetyandperormnceEngineering Officer of the Watchwatch. He shall inspect the Engiý

• of all personnel ass-

igned engineering thereof to the Officer of the Deci
watches and in engine- Control routine pumping of bilges'

_ering spaces. 85 with the permission of the Div:

Helmsman The Helmsman is respon-S~sib'le to the Officer ofsb tSteer the ship and operate the Eni
the Deck in matters of D.-ck.
ship control.

Be particularly alert to detect al
the equipments or indications and
Chief of the Watch and Quartermas.
Take immediAte action in accordanR
casualty.

Planesman The Planesman reports
directly to the Diving
Officer of the Watch. depth and/or angle ordered by the

Be particularly alert to detect a
of his equipments or indicators a
Watch.
Take immediate action in accordan

Lookout The Lookout reports
directly to the Officer Maintain a continuous 3600 sharp

sounds and conditions to the Offi

Report the status of the ship's T
played.
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DUTIES, RESPONSIBILITIES, AND AUTHORITY

cer Ensure that all orders received from the Officer of the Deck are promptly and properly
C xecuted. He shall not permit the shaft to be turned except as ordered.

er Report promptly to the Officer of the Deck and tuj the Engineer Officer any actual or
. probable derangement of machinery or auxiliarie!.

Ensure that alert watches are being maintained. He shall ensure that machinery is being
operated in accordance with instructions, that machinery and controls are manned by qual-
ified personnel in accordance with approved section watch bill, and that all applicable

it- inspections and safety precautions are being uarried out.
Prior to relieving as Engineering Officer of the Watch, inform himself to the tactical
situations, and make an inspection of the engineering spaces.

Exercise the strictest control over water chemistry and radiological controls, in accord-
ance with current directives.

Ensure that the Engineering Log, Engineer's Bell Book and prescribed operating records are
properly kept and that the Bell Book and other operating records are signed by the indi-
viduals who have knowledge of the orders given and executed. On being relieved, the
Engineering Officer of the Watch shall sign the Engineering Log and Bell Book for this
watch. He shall inspect the Engineering Spaces aft of Frame 85 and report the results
thereof to the Officer of the Deck.

Control routine pumping of bilges with the auxiliary drain system for spaces aft of Frame
85 with the permission of the Diving Officer of the Watch.

•n-
of1
of Steer the ship and operate the Engine Order Telegraph as ordered by the Officer of the

Deck.

Be particularly alert to detect any irregularities in the operation or function of any of
the equipments or indtcations and immediately report such to the Officer of the Deck,
Chief of the Watch and quaitermaster of the Watch.
Take immedi'ate action in accordance with casulty procedures in the event of steering
casualty.

ng Operate his planes as directed by the Diving Officer in order to attain and maintain the
depth and/or angle ordered by the Diving Officer.

Be particularly alert to detect any irregularities in the operation or function of any
of his equipments or indicators and immediately report such to the Diving Officer of the
Watch.

Take immediate action in accordance with casualty procedures in the event of casualty.

ter Manan0Maintain a continuous 360 sharp lookout, reporting all contacts, lights, unusual objects,sounds and conditions to the Officer of the Deck.

rt the status of the ship's running lights each half hour when the lights are dis- A

paed.
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TabZe I1-A-14 SSBN In-Port Watoh Personnel Responsibilities

PERSONNEL BASIC FUNCTION ORGANIZATIONALDUTIES REIRELATIONSHIPS

Duty Officer The Duty Officer is The Duty Officer re- Conduct a complete inspection of the
responsible for the ;e- ports to the Commanding Ensure that the Engineering Duty Off
curity of the ship, for Officer in matters re-
the conduct of the lating to the security, receive reports from the Engineerind
ship's routine and in operation, and readi- Supervise preparations for getting u,
the absence cf the reg- ness of the ship and to on getting underway.
ularly responsible of- the Executive Officer Ensure that the ship is safely moore
ficer, for the super- in administrative mat- or proceed to sea, safely navigated.
vision of all ship's ters.
activities. Keep himself informed of the status

ing the emergency procedures outline

Coordinate ship's routine with major
fueling.

Personally supervise major evolution
ous work unless specifically relieve

Engineering The in-port Engineering The Engineering Duty Direct and supervise engineering dep
Duty Officer Duty Officer is a com- Officer reports to the internal security of the ship and th

missioned officer qual- Duty Officrer. He shah frame 85. Approve the day's list of
ified in nuclear power also report directly Engineering Officer.(graduate of the Naval to the Commanding Of- Exercise close supervision over allNuclear Propulsion ficer whenever he be-

Training Program). lieves such action to When propulsion plant conditions rec
be desirable or neces- Supervisor remain continuously in t0
sary. Maneuvering Room.) He shall dischay

Watch delineated in this manual and

Exercise the strictest control over
istry in accordance with current dtv

Conduct a complete inspection of thf
to the Duty Officer, at least once (
Ensure all tours are logged in the I

Ensure that Battery Charging Procedi
are adhered to. Verify charging "l-
battery charge.

Keep the ship's Duty Officer informi
his relief to the shtp's Duty Offici

Weapons Duty Weapons Duty Officer The Weapons Duty Offi- Instructions herein amplify the pro,
Officer shall be on board at cer reports to the The Weapon's Duty Officer shall:

all times whenever nuc- Duty Officer. He shal Assist the Duty Officer and direct i
lear weapors and/or also report directly t i
tactical Pb .(idon mis- the Commanding Officer section in ensuring the security of
siles are on board. whenever he believes Exercise close supervision over all
The Weapons Duty Offi- such action to be des- the missiles and launching subsyste
cer shall assist and irable or necessary.
be subordinate to the i Remain cognizant of all deviations
Ship's Duty Officer and ity to respond to casualties to the

iI



jeponeibi itiee

DUTIES, RESPONSIBILITIES, AND AUTHORITY

:e- Conduct a complete inspection of the ship topside and below decks, forward of frame 85.
•ding~Ensure that the Engineering Duty Officer conducts similar inspections aft of frame 8b andSre- rcierprsfo
rity, receive reports from the Engineering Duty Officer upon completion of each inspection.

i- Supervise preparations for getting underway, and be prepared to assume the duties of OOD
md to on getting underway.
[c Er

at Ensure that the ship is safely moored and, if necessary, to get underway to shift berths
or proceed to sea, safely navigated. Know currently assigned dispersal area.

Keep himself informed of the status of any nuclear weapons which may be on board, includ-
ing the emergency procedures outlined in the Nuclear Accidernt Folder.
Coordinate ship's routine with major engineering activities such as oxygen charging or
fueling.

Personally supervise r.;ajor evolutions such as torpedo loading, diving operations or hazard-
, ous work unless specifically relieved by another officer.

Eninern .Ofi. . e__ii______--

Direct and supervise engineering department members of the duty section in ensuring the
the internal security of the ship and the operation of Engineering Department equipment aft of

Jshafl frame 85. Approve the day's list of propulsion plant watchstanders in the absence of the
•ly Engineering Officer.

tOf- Exercise close supervision over all operations which may affect the reactor plant.be--
.to When propulsion plant conditions require, ensure that buth he and the Engineering Watch
ces- Supervisor rewain continuously in the Engineering spaces. (His normal station shall be the

Maneuvering Room.) He shall discharge the responsibilities of Engineering Officer of the
Watch delineated in this manual and in Engineering Department directives.

Exercise the strictest control over radiological controls, water chemistry, and radtochem-
istry in accordance with current directives. __

Conduct a complete inspection of the Engineering spaces, reporting completion and results
to the Duty Officer, at least once during each 4-hour watch period during his tour of duty.
Ensure all tours are logged in the Engineering 'og.

Ensure that Battery Charging Procedures set fo,'th in Engineering Department Instructions
are adhered to. Verify charging "line-up" prior to requesting permission to start a
battery charge.

Keep the ship's Duty Officer informed on thf: status of the engineering plant and report
his 'elief to the ship's Duty Officer.

fi- Instructions herein amplify the provisions of U. S. Navy Regulations and Force Regulations.
The Weapon's Duty Officer shall:

.shal1
y t Assist the Duty Officer and direct and supervise Weapons Department members of the duty

icer section in ensuring the security of the ship.

es Exercise close supervision over all operations which involve the security and safety of
des- the missiles and launching subsystem and which involve the readiness of the Weapons System.

Remain cognizant of all deviations fl'om equipment/system lineups which involve the capabil-
ity to respond to casualties to the missile subsystem or launch subsystem.
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TabZe III-A-14 (Continued)
ORGA I1AT IONA

PERSONNEL BASIC FUNCTION ORENIZATIONAS DUTIES

Weapons Duty will be responsible to Remain cognizant of the status o,
Officer him for nuclear weapons on Weapons Systems equipment whe
(Continued) safety, security and Keep the Ship's Duty Officer in.

casualty control. If relief to the Ship's Duty Offic
.so quclified, the
Ship's Duty Officer may
also act as Weapons
Duty Officer.

Duty Chief The Duty Chief Petty The Duty Chief Petty
Petty Officer Officer is an assis- Officer reports to the Keep the watch alert, checking

tant to the Duty Offi- Duty Officer.
cer and must be quali-
fied to act as Chief
of the Watch. He is
responsible fok direct-
ing and supervising
the duty section to
ensure: the safety and
security of the ship;
the efficient executior
of the ship's routine
and the Plan of the
Day; the continuing
readiness of ship for
sea; tie discipline of
the crew; and the
smart appearance of thE
ship and crew.

Enginaering The In-port Engineerinc The Engineering Duty The Engineering Duty Petty Offic
Duty Petty Duty Petty Officer is Petty Officer reports the petty officer in charge of
Officer a senior petty officer directly to the Engin- Be present in the engineering sO

qualified in nuclear eering Duty Officer. B rntin th ngineern s
power (graduate of the In his military func- cordtions affctn te safety

power lar times as may be ordered by tNaval Nuclear Power tion in the duty sec-
Propulsion Training tion, he is subordin- Make a complete inspection oF tN
Program). ate to and will assist the Engineering Duty Officer at

the Duty Chief Petty of duty, staggering the time of
Officer in the conduct Officer. Ensure all tours are 11
of duties.

Below Decks The Below Decks Watch The Below Decks Watch
Watch is a responsible petty reports through the

officer qualified in Duty Chief Petty Offi- Inspect the ship by continuoul
FBM submarines and cer to the Duty low decks checkoff lists. Duri
fully qualified to de- Officer. enter all lower .- ck level spaci
tect and correct con-
ditions whicn may lead conditions if such entry is not
I__ to damage to ship or battery well during a battery c4.

I



DUTIES, RESPONSIBILITIES, AND AUTHORITY

Remain cognizant of the status of all repairs, maintenance and alterations being performed
on Weapons Systems equipment whether by ship's force or by outside activities.

Keep the Ship's Duty Officer informed of the status of the Weapons System and report his
relief to the Ship's Duty Officer.

Keep the watch alert, checking performance by inspection.

y The Engineering Duty Petty Officer is an assistant to the Engineering Duty Officer. He is
its the petty officer in charge of the engineering duty section, and as such he shall:

Be present in the engineering spaces when the reactor is critical and whenever unusual

conditions affecting the safety or operability of the plant exist, and at other particu-
lar times as may be ordered by the Engineering Duty Officer.

n- Make a complete inspection of the engineering spaces, reporting completion and results to
1st the Engineering Duty Officer at least once during each 4-hour watch period during his tour
".y of duty, staggering the time of his inspection with those made by the Engineering Duty
uct Officer. Ensure all tours are logged in the Engineering Log.

Ch

Inspect the ship by continuous patrol, making hourly notation of conditions in the be-
low decks checkoff lists. During the course of his continuous patrol, the watch will
enter all lower deck level spaces (battery well, bilges, storerooms, etc) to ascertiil
conditions if such entry is not contrary to current evolutions such as entry into the
battery well during a battery charge. He shall be particularly alert to detect:

111-61 J



Tab~e .tTX-A-14 (Conciluded)

FUNCTION ORGAN IZAT IONALDUIS
PERSONNEL BASIC FUNCTION R ATIONS,RELATIONSHIPS

Below Decks her equipment or jeopar- abnormal changes in conditions no
Watch (Contin- dize the safety of per- water or escaping air, the impro
ued) sonnel. His primary or fuel; any casualties to person'

function is to ensure abnormal conditions during batter'
'the internal security Give alarm in the event of disordd
of the ship fbrward of
the Missile Compartment Ensure that bilges are pumped whh..

become half full.

Keep himself informed of the oper,

Inspect bilges from the lower fla

Inspect torpedo security bands an.
ASTOR, visually examine the integ.
alertness of the torpedo room watO

Check all ship's safes locked shut

Petty Officer The Petty Officer of The Petty Officer of
of the Deck the Deck is a qualified the Deck is responsible

petty officer stationed through the Duty Chief
on the main deck to Petty Officer, to the
ensure the external se- Duty Officer.
curity of the ship. In
addition he serves as a
comunicatiens link be-
tween the ship and
other activities and as
the ship's official
representative for all
persons coming on board
and departing from the
ship.

Topside Sentry The Topside Sentry is a The Topside Sentry re-
qualified petty officer ports to the Petty
or nonrated enlisted Officer of the Deck.
man who assists the
Petty Officer of the
Deck in ensuring the
external security of
the ship.

Nuclear Weap- To ensure the security
ons Security of all nuclear weapons
Area Armed when stored below decks
Guaird or when being loaded or

offloaded.

Ma



DUTIES, RESPONSIBILITIES, AND AUTHORITY

abnormal changes in conditions noted in hourly checkoff list entries; any sound of running
water or escaping air, the improper operation of any machinery, or smells of smoke, gas,
or fuel; any casualties to personnel or machinery; changes in depth gage and trim readings;
abnormal conditions during battery charge.

G~ve alarm in the event of disorder, fire or other emergency.
Ensure that bilges are pumped when necessary and that sanitary tanks are blown when they

I: become half full.

Keep himself informed of the operatiig status of all machinery.
Inspect bilges from the lower flats.

Inspect torpedo security bands and torpedo tube locking devices on all tubes containing
&.))OR, visually examine the intagrity of the pneumatic alarm assemblies, and verify the
alertness of the torpedo room watch at random intervals not to exceed one-half hour.

* Check all ship's safes locked shut at the commencement )f liberty.

of
nsi bl e
Chief i
the

gI

y re-
'y
ck.

1

I,
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Tale XXl-A-5S 688? Mzasion Segmnents, Crev) orper'ations,, and Relevant Billa

MISSION SEGMENT MAJOR CREW OPERATIONS

Prepare to Go to Sea May include dry docking (nominally every 18 months). Snorkel Bi:I Col d Weath•
(30-day time pericA) Crew change (4 days) includes equipment maintenance during this Interior

time. ItroRepel Boa

Equipment maintenance, alignment, replacement. Security f
Sup'port load out. Ventil ati n"S r lDry Dockin'
May include an in-port operation/safety examination (nuclear Rescue and.
weapons, administration, engineering, etc). General E

Sea trial period (6 - 7 days) CoilisinFlooding B,
Check equipment operation, Toxic Gas
Train crew members. Fire Bill

Missile E
Final maintenance and supply load out (3 days). Passive De

Reduced El
Man Overboa
Ship Destr4
Abandon Sh
ASTOR Eme

Maneuvering Watch Complete deployment checkoff list. Maneuverin
E~x.___t Maneuvers away from tender or pier into channel or open water. Propulsion
(about a 2 hour time Snorkel B t
period) Battle Bill'Ventilatton

Cold Weathet
Reduced Visj
Rescue and]
Interior CO
Repel Board
Navigatton
All Emergen4

Surface Transit Normal underway watch except for: Propulsion
(length of time is de- Contact Coordinator if sufficient contacts (ships) warrent Snorkel BDi
termined by time to (officer in Control Room) Rig for Div
travel to submergence Battle Billi'
point)Radar Operator Venti lation

Navigator or Quartermaster Chief to assist QMOW in piloting Cold Weathei
Reduced Visproblem
Rescue andRig for dive (checklist) Interior Co

Enter compensation (trim) NavigationAll Emergeni,



oratLons, and Reolevant Bil~a

RELEVANT BILLS)PERATIONS (* inlicates mandatory)

,y every 18 months). Snorkel Bill*
Cold Weather Bill4iipment maintenance during this no r C ic sSInterior Communications Bill*
Repel Boarders/Sneak Attack Bill

Sreplacement. Security from Unauthorized Visitors Bill*
K Ventilation Bill*
safety eaDry Docking Bill

ý,:,,safet examination (nuclear Rescue and Assistance Bill
ýing, etc). General Emergency Bill

Collision Bill
Flooding Bill
Toxic-Gas Bill
Fire Bill

ot (3 dMissile Emergency Bill
Passive Defense Bill

F; Reduced Electrical Power Bill*
Man Overboard Bill
Ship Destruction Bill
Abandon Ship Bill
ASTOR Emergency Bill

•.o Maneuvering Bill*

into channel or open water. Propulsion Bill*•- Snorkel Bt11
Battle Bill
Ventilatton Bill*
Cold Weather Bill
Reduced %isibility Bill
Rescue and Assistance Bill
Interior Communications B111*
Repel Boarders/Sneak Attack Bill
Navigation and Ptloti-ng Btll*
All Emergency Bills

Propulsion Bill*
it contacts (ships) warrent Snorkel Bill

Rig for Dive Bi11*
Battle Bill
Ventilation Bill*

" to assist QMOW in piloting Cold Weather Bill
Reduced Visibility Bill
Rescue and Assistar-ce Bill.
Interior Communications Bill*
Navigation and Piloting Bill*
All Emergency Bills
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Tabte rII-A-25 (ConcZuded)

MISSION SEGMENT MAJOR CREW OPERATIONS -

Submerge Secure snorkeling. DIvi ngS~ Propuys,
(10 - 15 minutes) Secure ventilating. Ventils.

Submerge the ship. Cold W
Obtain satisfactory trim. Interl-saacryAll Emeo

Non-alert Transit Crew training. Propuls.
(1 to J days) Transit to patrol area assigned. Snorkel:

Silent'
Rig for patrol quiet. Depth

Battle-
May include a scheduled security check (number of personnel VBtile
involved would be less than Battle Station Torpedo but more Air Reothan normal underway watch). Cold W

_...._ _Interli

Alert Period Maintain continuous communicatioois coverage. Propulsý

(70 days ,ninus transit Crew training. Snorkele i
time) silent I

Required maintenance. Deep Sul
Depth C1

Remain undetected, submerged, within assigned area. Battle I
May include a scheduled security check. VentilalAir Revy

Cold Wel
Interioi
Repel
Escape
Towing
Hel Icop'
All Eme

Non-alert Return Crew training (if ORSE-Operation Reactor Safeguards Exam). Same as
Transit Transit to port by assigned areas.
(1 to 3 days)

Surface Surface the ship. Surfaci
(1 - 5 minutes) Shift to ventilating outboard. Propuls

"Ventila
Cold We

S__ _.. .. _ ._.. . ... Interia
Surface Transit Return Rig for surface. Same as
(time is variable) Same special watch requirements as egress transit.

May include the at--sea transfer of an examination board,
return to an assigned exercise area, and conducting an opera-
tional exam (2 days).

Maneuvering Watch Maneuver from channel alongside tender or pier. Same al
Return

(1 to 2 hours)
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10ERATIONS RELEVANT BILLS
(* indicates mandatory)

Diving Bill*
Propul sion Bill*
Ventilation Bill*
Cold Weather Bill
Interior Communications Bill*

__All Emergency Bills

Propulsion Bill*
Snorkel Bill
Silent Running Bill*
Depth Charge Bill

S~Battle Bill
Pcheck (number of personnel BenBil l
ýe Station Torpedo but more Ventilation Bill*

Air Revitalization Bill
__._Cold Weather Bill

Interior Communications Bill*

Ps coverage. Propulsion Bill*
Snorkel Bill
Silent Running Bill*
Deep Submergence Bill
Depth Charge Bill

•hin assigned area. Battle Bill
check. Ventilation Bill*

Air Revitalization Bll*
Cold Weather Bill
Interior Communications Bill*
Repel Boarders/Sneak Attack Bill
Escape Bill
Towing Bill
Helicopter-Transfer Bill
All Emergency Bills

'Reactor Safeguards Exam). ISame as leaving port except REMOVE: Rig for Dive/Surface Bill

Surfarinq ill*
Propulsior, Rill*
Ventilation Bill*
Cold Weather Bill
interior Communications Bill*

Same as Port Exit except ADD: Towing Bill

ks egress transit.

Of an examination board,
oea, and conducting an opera-

tender or pier. Same as Maneuvering Watch (Exit) except ADD: Towing Bill
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b. Administrative Structure - The administrative structure on
the SSBN is distinct from the watch structure and serves a difter-
ant purpose. The administrative structure consists of various
administrative departments with an officer in charge of each and it
serves the basic purposes of controlling personnel matters, prepara-
tion and submittal of various equipment and personnel reports, and
maintenance of ship's equipment. The watch structure, by way of
comparison, serves the basic purpose of operating the submarine as

J it performs its mission. The Administrative Structure for the
baseline SSBN is shown in Figure III-A-18.

c. Operational Analyses - To facilitate an understanding of crew

functions and operations, the nominal mission of the baseline SSBN
was divided into 10 identifiable segments. These mission segments,
their approximate time requirements, and the major crew operations
and relevant Bills for each segment are identified in Table III-A-15.
Table III-A-15 thus provides an overview of the major crew operations
involved in a nominal SSBN mission.

The specific crew responsibilities and activities involved in operat-
ing the SSBN in nominal and casualty modes are outlined in the Ship's
Operating Procea•res (SOP). These operations are written in the
form of Operational and Emergency Bills and their purpose is to provide
guidance for the execution of crew functions. Table III-A-16 through
Table III-A-23 were developed from an analysis of various Bills and
interviews with submarine personnel to delineate the crew tasks and
responsibilities for the major ship control functions o! diving,
surfacing, snorkeling, propulsion, ventilation, battle, and general
emergency. Each table identifies the specific personnel involved
in accomplishing a function (Bill), their command responsibilities,
actions, and communication responsibilities. The numbers shown in
parentheses for each action or communication task identify the rel-
ative sequence of tasks for each crew member.
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ADMINISTRATIVE ORGANIZATION

1COMMANDING OFFICER

DIIG OFFICERI EXECUTIVE OFFICER

COMMAND DEPARTMENTS

NAVIGATION OPERATIONS

1. Navigation & Piloting. 1. Preparation of OpPlan. 1. Operation,
2. Operation, Maintenance & Repair 2. Intelligence. of Missile

of Navigation and assigned 3. Communications. Fire Contr
Electronic Equipment. 4. Visual Search. and assoct

3. Department Training. 5. Electronic Search. Control sy
6. Z1e:tronic Countermeasures. munition,
7. Issue and Control of CMS dis- equipment:

tributed publications, above.
8. Operational Evaluation. 2. Deck Seara
9. Operation, Maintenance & Repair 3. Maintenanc

of assigned Electronic Equipment. hull.
10. Photography. 4. Handling a
11. Department Training. 5.and pyroto
12. Postal matters. 5. Accountabl

Nuclear W4
6. Departmeni

[SUPPORT DEPARTMENTS

SUPPLY

1. Procurement, storage and issue 1.
of repair parts and consumable 2.
supplies. 3.

2. Operation of the General Mess. 4.
3. Admin. of Monetary Funds.
4. Department Training. 5.

6.

Figure III-A-18 SSBN Adminiatrative .tructure
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ADMINISTRATIVE ORGANIZATION

1COMMANDING OFFICERj

EXECUTIVE OFFICER

COMMAND DEPARTMENTS

TIONS WEAPONS ENGINEERING

f OpPlans. 1. Operation, Maintenance & Repair 1. Operation, Maintenance & Repair
of Missile, Launcher & Missile of propulsion, reactor and

is. Fire Control systems, Torpedoes electrical installations, Auxil-
I* and associated launch & Fire iary and Atmosphere Control
!arch. Control systems, small arms & am- Equipment.
iuntermeasures. munition, and of Electronic & test 2. Damage Control.
itrol of CMS dis- equipment associated with the 3. Repair of Hull.
ications. above. 4. Maintenance & Repair of Under-
ývaluation. 2. Deck Seamanship. water Fittings.
iintenance & Repair 3. Maintenance of ship's exterior 5. Propulsion Plant Water Chemistry
Alectronic Equipment. hull. & Radiochemistry.

4. Handling and stowage of explosives 6. Accountability and control of
saining. and pyrotechnics. radioactive material.
IS. 5. Accountability & custody of 7. Department Training.

Nuclear Weapons. 8. Radiological controls.
6. Department Training. 9. Passive defense.

10. Radiac equipment.

[SUPPORT DEPARTMENTS

MEDICAL

sue 1. Treatment of Sick & Wounded.
ble 2. Health, Sanitation & Hygiene.

3. Atmosphere Analysis.
9s. 4. Personnel Dosimetry & medical

aspects of radioactivity.
5. First Aid & Safety Instruction.
6. Department Training.

Iture
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CUMRA INFOPMTION
im eqfrtg din shelf bebrokaenonly withthe permission ofthe CommVandi 0When ufldewsy. manwill notbbpermittedOn thebI

COWr, and he shall be Informed when the rig for dive has been restored. When permllsson. The number of men on the bridage will bekel
miad authoriued departures froma the rig for dive will be chidked by an officer personnel loing to the bridige will obtalin permission fromq

wad rrtsW d%2cke t, tht CMli f the Watch *who will in turn r"rer to the 0OD. Chief d the Watch before proceeding to the bridge. Thely
Vo&r q Officer 0 mw n the Commanding Officer. tvh- the 001) befoe *Ieng below and shall advise the Chidi

reechng Control. Personnel will not be permitted on top 4
supertruare or en the maie deck when underway, withal

2'able III-A-i 6 Rig for Dive/Surface Bill

Persnnel Commanid Responsibilities I General information Actions ICIT) Operations. I n;;

OMANg L Ensurethat acurrent Rigfor Divestatus shed isproperly completed andl
0111ce filedtlogioher with alist of rig for dive discrepanciesIn the Diving Book

L. "e~noted qoallifled officers to carry out the previsions of this bill an a
0 1teo or o mparmnt leve by leve basis.

11. Cailcuae the comm esalon and cause the comnpensation to be entered as
pead ef the Rig for Dive procedure. The completed compensation worksheet
signed by 11w Diving Officer will be filed in the Diving Book.

4. Ensure action Is being taken to expeditiously correct all Rig for Dive discrepancies.
L. Reort to the Commanding Off icer and Officer of the Deck when the ship has

bean Riged for Dive and compensated - or Rigged for Surface. All discrepancies
will be reported at this time.

6. Maintan comaprtmnent Rig for Dive and Rig for Surface check off lists complete
_______ I and properly posted.______________

Senior PMY L Be responsible for the expeditious, correct rig for dive In each compartment Qualifid patty officers, as designated by the semi
offce on ensuring that designated petty officers personlly rig ach item aganst the posted ea" compartment or compartment level (if in port a I
Mich In comopartment Rig for Dive Check off List. Duty Officer) will carry out the provisions of the rig I
Each In each compartment or compartment level. The chet- Nevetrutm memo . An Individual leveTW -m n

pa ofie culypromn the rigging of the coo
report completion to the COW land the EOOW if the a
engineering spaces) along with any disr- Pnides It
the Rig for Dive Status Shuet.

0141111111011 Officers des*nated by the Diving Officer will per
01110 compertrmet against the check-off list. Each comparl

dchked by oear officer. The check-off list will be co
checked.

CWL Receive reprt of rig for dive (surfacel and officer's check of Rig for Dive. The Chisl of the Watch will order the following!
2. ft responsible for maintaining an accurate status ef Rig for Dive Isurfacel en recalving Permissio of the 000.

tIe Core "t Ra Rig for Dive Status Board., 1. Test aperilion ef the fairwater and stern planes
3. Mainalin the Rig for Dive (surface) status sheet and an up-todite discrepancy list. 2. Test blow main ballast tanks (normal); test ame
& Report tothe Diving Officer when the ship has been riged for dive, chd d, vA In acaardancewith C(YASUSLANTI NST 0510k 7.

ampansated Including all discrepancies. X Secure air to the whistIle
4. Ted bridge access hatch. First shu the osuee

X. Enter the compensation.
________ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 ______________________________ Raise end boer masts.

Duly Chlef Immediately alter setting the In-Port Watch, thi
P*tOffice umpeny with the Below Decks Watch, shall Inspect t

Ia r each co mpatmd and report the results of the Insp
An Auxillaryman will Install the Main Ballast Ta

tisthe Duty Officer when the vent covers have been I
________ __________________________________________________________ peod the 'Main Ballast Tank VENT COVERS INSTALLED



OIWPAL INFORMATION
Smen *1ll not be poiallted on the bridge without the 0OO's

=le d e o n the bridge will be kept to a minimum.
Wi rdewill det"ain permission from the 000 through the

i re proceeding to the bridge. They shall obtain permission
:layfing beow and 3hail advise the Chief of the Watch upon

Personnel will not be permitted on top of the sail, within the
hthe main deck when underway, without tOe Commanding

Actions IC&D Operations, Inspections, Recordings, BEt.) Communication Responsibilities
When drilered by the Command 'i Officer, the QUfcirAr o th-Dk will have the

Chief of 'he Watch pass the word at, the 1MC. 'RIG SHIP FOR DIVE iSURFACE)'. 'RIG
__________________________________________________ SHIP FOR DIVE (SURFACE)'.

When the ship has been rigged for dive, checked. and compensated for rigge for
eurfeam. the ship's Diving Officer will report to the Commanding Officer and 000,
'7HE SHIP IS RIGGED FOR DIVE (SURFACE)' enumerating any eaceptions.

officers, 4s designated by the senior petty officer of the watch In 2. Report directly to the Chief of the Watch when the* rig for dive Is cmplkted
or compartment lee 9if In port a qualified petty officer designated by the enumerating alI exceptions.
carry out the provisions of the rig for dive (surfacav check-off list posted
nrd or compartment level. The check-atf list must always be USed

rmemory. An individueM level ill notbe split betwcin pett oficers. The
Igpa elming the rigging of the compartment or c.i)mpartment level will

to the COW land the ECOW if the cempar .ieent rigt.,d is In the
Status Sheet.

gnated by the Diving Officer will personally ;heod each item In the L Report directly to the Chief ofthe Watci awhen he has checkeilthe Rig for Dime
nat the check-off list. Each compartment or compartmen~t level wit. be Ust ich eIepIIn An sign the k4g for Dive status shet.

ulficer. The check-off list will be carried In hand as each item Is

atthe Watch will order the following steps to be performed only Ller
INt the 000.

0 a the fairwater end stern planes In all modes of operatle%.
Oan ballast tanks (normall ted uemerency main ballast tom 6Wr systca

IICOMSUBLANTINST (507
to the whIstIle

aosn hatch. First shut the oueedInduction valve If OPV I.

war med._ _ ____ ____

abe salting the In-Port Watch, the Duty Chief Petty Officer, In
Beio Decks Watch, shall lnspect the rig for surface cond ions In
imid report the resimlts at the Inspection to the Duty Off icet

senwill Install the Main Ballast Tank vent cows. He shall report
fwhen the vent ewers have bean installed. In addtlilon, he shall

IWOas Tank VENIT COVERS INSTAkLED' warning sign on the BCP.______ _____________________________



al The ddngl rakllim will in pallr onm n a section beel& and will nermally W~ The siginal to diva the ship -,A be twe
to a d6l1e1atd ido froa a Istralaht beard'.Condtlon. Just prior to the dive, the ward IDiV 4 DIVE' paralleled on the MAC.
Ceiswm Oficer rwfanofficer sithorized byhim willre~levethe Officerroithe pN anthe sewW e g d ~t thai sarwe Nthe
hi.:1 recaiving all infurmaion speafet nU . eyiuainsadIdct aim will be taken an the second 10ve'.

at 1 idngl *wr the pWistop sten& 11 relieve you as Officer dt the W01ck. In these came where aquick dive Is
WOet drecld bo lay beW.a the just relieved Office of the Deck will rig the
krtp par dive, ensure ail hands soe below, proceed to the bridp-access .runk onA m flYU l ulihdl)ewton
afti the adl of the loAkou shut and dog the upper hatch. On arriving In Control, d.e reig CA H ~DE LA
he VAlN report to the Officer of the Deck, 'Last man don, hatch secured.' IHe will IVed" DtE'on the hitch Thcep thatte Offichr
boesme the Diving Officer of the Watch unles another DOOW has bwe assignA I svml ov the uprhatch excpttha the Officernce
The 0111r dt the Deck. having received the 'straiht board' report from the Chidtt eueteuprhac ihteAssac

Vt ie wish, will order the Diving Office to sound the divng alarm. Oni arriving In Comtrol, Nh Officer of the Deck
OcCelr of the Watch. submerge th ship too 120'
weder all mastsiantennaslperlscopes lowered.
at 0Mw of the Deck as expeditiously as

Tab~e III-A-17 Diving Bill-

-a Command Remspsib~litlei I General I nformation ActionsC &DO

L Se cqlnlzant of the stale of the ship's 'Rig for Dive'. Once so rigged, he..SeueteuM'brehac
SWa not pemRt it to be broken without the spefife permission of the CommandngthN lseedadeud pie.

2. Keep himsaelfare ad the depth at waler and know the number satddaus

I. tn*p In an emaogen, entsure thu the brilpe aod bridge pipment wea
____ maiscure for dv._ _ _ _ _ _ _

11011L Proee to ordereddptsmrl
has been ordered, proceed ito 12f4,
necessay don angle to acquire the orde

3. When a the ordered depth and
FEET. TRIM SATISFACTORY'.

muaspeed control by giving a speed
control remains with the OC.D.

4. When all compartmrents have
_________________________________________ Phones secured

C=W In an mequcy, when the 000 Is incepactaMi the COW will ad as 000W. L When ordered, or on Ithescn

Shiut outboard ventilation exhaust s
Press 'Snorkl~e Shutdown' puhml

Secure the low pressure blower.

Turn headoalve control switch to dee
Paetwo hydraulic pumps In RU.IL

tries satisfactory.

3. On second blast of diving alarmt

Own all main vents and repor, 'AN
lower all masts unless otherwise dire

the NO0W.
At 5O feat shut all vents and report

When at ordered deph and with Per~l
cycle the main vents, one group at a tibm
ventilaion systems are lined up properly 1,

Pump or floo variable tanks as or*e,
When a satisfactory trim Is obtaincAd
4. In a quick dive, the COW will 000

d~rq alarm and act as D00W until relif'O
e*alned by the time the ship reaches 45
the vents and preparing to blow main baell

I"1L Take control of the stern planem
HIM~an th planes In normal power.

X. (bsere proper functioning of 8;l
aliatlon to normal end ýuqot gency Plane

_____________________________________________ 4. Proceed with ordered angle to

I2



SkIA INWAUCW

jive the ship will be two Wlss an the diving alarm with ths * Wem hydrauilc per can be lad because d either an elecrical POWr
41101u11e*4f on the INIC. The main ballast tank vents will to ohre or a mallfun.on of the hydraulic plant. Except In the case of major damage

M bast ofthe aiarnt I the Ewing edarm does, not soundl, this %ttM ship. hydrmjiic accumulators will remain suffidenftl charged aiter lmossf
enthe second 'ive'I. . ua.wk pooer for the ship to execute a normal dive or wrilac~lng When hydraulic

in where a quick dive is executed from the bridge either In an pUS" Is led a hydrJICaulc Mcumulior are hkld down. hever, members of th,
ýlunschejuledl evolution, the Officer d4 the Dock wili Initiate the an-wlch subd1 shall perfomn addtioral dub*& as poemrtwedhrin In order to
OIAR THE BRIDGE, CLEAR THE BRIDGE., and passing the wovd *a shi #4k hV4d
ý IMC. The bridge watch wiil ciear the bridgje In order of their

$Iexcept that the Off icer of the Deck shall be the last In order
hech with the Assistance of the next to the last man down.

Irol, the Off ker of the Deck will become addtionally the Diving
Lsubmerge the ship to 120 feet, depth of water permittling, andl
pwwsperiscopes lowered He will be relieved of the Conn and
has expeditiously as pos~sible dependent on the circumetancs

L Actionf. IC&D FAMons, nspecins, Recorings. Etc. - CommunIMIoN RO sINIilSS
teuprbrW'jle hatch with the aid of the lookout. making certain

and ftiqd completely.

to ordered depth smartly and obtain LU3speed trim. If no depth L When astraight boardIs obtslned, eNdthe 000so orders, order the COW
proceed to 120fedt, depth ofwater permitting. Use the itopastheword, 'DIVE. DIVE' on the IMC, ald sound twolMob on thediving

angle to acquire the ordered depth smartly. alam.

itthe ordered depth and with a satisfactory 113 speed trim report
TRIM SATISFACTORY'. lAt any time prior to this. the 000 may

rol by giving a sPeed order to the helm). After this, speed
with the 000.
compartments have reportedf 'CONDITIONS NORMA~L'. order JA

Lred, or on the soodMa fthe diving alarm: Paus the word on the IMC 'DIVE. DIVE'.
ventilation exas n ibodinduction wves. L. Repert lo the 000 when. straght board is abineil, or report Ewscrpancles.
Shutdown' pushdown If desel is running

lo pressure blower.
control switch to close

hyraulkc pumps In RUN. Plac Main pump Wic In STS1Y when

blast of diying alarms
nvents and report, 'Ail Venfts OPEN'.

mast unless otherwise directed Report 'All Maob Own', Is

shut at! vents and reort same to the 000W.
ad depth and with permission of the Diving Officer of the Watch,

vns, one grolup at a time. Enlsure that the ship's snorke and
sare lined up properly In the rsirwulite mode.

variable tanks as ordered
acory trim is obtainedl, make divitg record entries.

ick dive, the COW will open the vents on the seon blast of the
act is 000W until reli'.ved by the 000. If a straight board Is net

time the chip reachei 415 feat, Initiale action to surface by shutting
ring to blow main ballast tanks. _______________________

roi of the stern planes at the outboerd control staien wAn test L Report to the DWW. 'STERN PLANES TESY1U 3ATISFACMRILY', or report
&I power. 11110 ndea

proper functioning of all Instrumentation, prying particularI
at and emergency plane Indication and depth indication.

with ordered angle to ordmn.'d depth as Eirected by the 000W.1

SITT



Tab~e ZMlA-i? (Conotuded) _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PermnAl Commwsi Responsibilities I Omiea InMormation _______ IActI"' UCD (Oetetons, 1r IAW

L Prowe4 to the Ion 4,eofthe Operations
showers hea*%, end crow'. u.erthlng arse for flodingg *Orr
maing Inspection, man JA phone in crew's berthing ara

I. Secure the phones when so ordere by Cwontrol
to &isume the Lee Helmsman Watch. o

"Bum. L Retain his normal staio at the Inboard corfral
=vbra of faIrwAter f W) planes.

2. On the second blast of the diving alarm, ring up
hru~r Shildthips. shift FW planest to normal pooer In two
*nes and then piace an full dve. Report to the NO0W,
YIESlIO SATISFACh.)RILY..

3. (Ibser, prope functioning of all Instrumentation,
disrow to normal and emergency plane Indication mnid

4. Contro FW planes to reach and maintain order I_____________________________________________ M. When At ordered da~h steer the previously or
li L Secure the Im pressure blower.

CwervISr L. Shut the lnbw%' Injducton and Inboard %entllgloq

uherd ln avswe hyIdct ht~presure blow stams Une up ventilation to reclrcu

3.Ched shut the head valve operation sir hull an~d
AVL Poce to the vicinity of the UCP to be reliable

01 - $Mng Officer of the Watch or Chief at the Watch.
FUWI L. Be propae to assist the " Aavia~n Center Su

________ wace. Wry oVt the provisions of hi' ')utles.
L Assis In rigging the bridgefto. itye as directed,10

mow 2. Standiy the mwr hatch, and ~When the las owan
Cenler, shut and dog the lawer eAlch, reporting It securm

3. Secure the searchlght and running light clrcu Ib
reaches 4 %Kel secure the IC circuits to the brIdge Ifmx
Auxtiliary Elecriclan Forward.

him"L Remoive the IC suitcasz. from the bridge whenor
[Isticlan L. Pracjo to the Control Center Upon the fIrst blO ,I

3. Secure all IC sircuits to the bridge when the 0%~
bdorIECM ~L Whenaetrdm or onthe secnd blasdtholhiW

3. Sht I*e Roder *amr ECM % the Stany mob1

balmwAn L. On the first blat fit the lyivng alarm, seweru

Sh~ed L Onthe eNo Mast ofthediving alarm, secure I1
Seitwali rnning shut the kmaerd engine exhaust valve. and ro

Wd2EVZ when the Inboard engine exhaust valve Is shut and
aftfut valve Is shut 3nd locked.

2. kip OesW engine and associated systems for nosi
his accerdanc with Englne~rliy, Department Operating Prd

UPW twoL Shut the lnboar .i r.341i oo ,ust itlve, lOck the j
AMR Walch edw. report completion to the DWrsel Gener~or Watch.

2. Assist Oled Genrator Watch as pr-ttcable.
_____ _____ ____ _____ ____ _____ __IL Li ne up ventilation system In AMR V2 to recirex

A6%f L On the rst blast of the diving alarm, procee U
BeAft dan miand amma the ZN pones.

MI 2.~ Observe the Reacto Comprtment through the Ai
____________________________________________ report my abnormal conditions to Maneuvering.

Sbwd d L Check the panry. wardicom., dl War tcroh
mWdt _________________________________ wn or ther ainormal conditions.

lads I. Cn the second blast of the diving alarm. ;cerne
COO ~iten for %oing or other dnoMal coditions.

L. Ine ass floodina. shut bulkhead flappers mdid
_____ 

Contro by fastest mean and rig compartment for coilm .



Actions IC&O Operdlons. Inspections, Reodilngs, Etc.) Cmenikln Reepenslbllitles

Pong the bridge for dve and In dogging the bridge hatch.
be lowe leve d the Operations Compartment and inspec the c~iowl.
I crew's berthing orea for floioding or other abnormal conditions. Afer
Man JA phones in crow's berthing area.
lones when so ordered by Control and proee to the Control Itom

bhsmsan Watch. ______________________________
Womal station at the Inboard conrol station and prepare to toke

#WA planes.
Mdbat of the diving alarm. ring up Ahead M1 speed and put

hil FW planes to normal pwoer in tho station conitrol. Test
Son full dive. Report to the 000W, IFAIRWATER PLANES

9BY1.
er funrctioning of all Instrumentation, paying particular

orno emerecy plaine Indication and depth Indication.
Sto reah and maintain ordered depth as directed by the
depth ster the previously ordered course. ______________________________

0; pressure blower. 4. Whon the done actions have been maicmplished, rMor bo the Chief of
SInduction and Inboard ventilation eshavo and the One Wch, -OUTBOARD INDUCTION AND EXHAUST SHUT AND LOCKED. INBOARD
when they Indicate shut. Check shut the ballast tank lfltTl N AND EXHAUST SHUT, RECIRCULATING'.

We Luin up ventilation to recirculate.

LVie heed valv opeatin air hull and backup valve Idi.
vicinity of the BCP to be ovallatule for orders from the

pWath or Chidef atthe Watch.
toassist the Naiation Center Supevisor, and In his
eprovisions of his duties.

Fig rthe bridge for d"v as direcsteby the Officer at the Deck.
Sler hatch, and ~When the last man has entred the Conrold
the lower hatch, reporting it secured Is the 000.

ar h ilig h t a n d ru n n in g lig h t c irc u its. B efor th e sh ip

~re the IC circuits *o tine bridge If not ire* secured by the
Forward.

aC suitas from the bridge wheir orderd 4. anJA plhones In Control. When at ordere depth, order compartments
Control Center upon the first Most of the divng alarm.to'ertcntisonhedv.

circuits to the bridge when the 000 reaches the Control Center.

Ior on the second blast of the 4 v lng alarm , train rader m ast for lower ln g. 2. R * p rt Ilad er m a st ready f o wr ie u iq to th e C O WL

endOder MCM le the Standb mode unless dimet soadord

Ma10t of the dMng dalam. comas transmitting.

blast of the diving 
alarm, 

secure 
the diesel 

engine, If
engine extiaust valve. and report to maneuvering on

engine exhaust valve Is shut &nd the outbaord engine exhaus
adlocked.

Ine and assocated systems for normal submerged running
Iinuring Department ('perating Procedures. -

engine exhaust dylock the outboard engine exhaustorito the Diesel Generator Watch.
Generator Watch as practicable.

lion system In AMR 02 to recirculate
Vast of the diving dalam, p roce to the Reactor Compartment7

lieoctoor Compartmen through the vIewing winds uol
conditions to Maneuvering.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-

wardioomi, officer stateroomns. shoers anid heed for L. MWr the conditions of the a~w zoom to the duty cook or Mossman.
conditions.__________________________ ____-

blaet of the diving mlarm, commence chcuing compoawtet 3. Reodt inormal woiditions adding In the compartment to Control immediatey.
81n1ormal cmndion"L 4. Th Owes will be mansu as sum &4 possible after each station gas determined

PS shut bulkhead flappers and watertight doors, iwdy Dad conditlons we normal on the dive. if conditions are ormal reprt In order only
as ad rig wopartment for collision, when diroded by ControL______________

2 I-



gum~ INFWUATIOP

Ofth did b ato a the ship wilt nemilly be the wor 'SURFACE. SURFACE~, 0 Auolgnmeont dl central dl the stemn planes to the outoed
SINAC on the WC. To InItlele eaqec wita~t 4r1irs theOnss steaala helm end FW planes to the Inboard control adIMls

aleu alm wiN be uunii Either signal Is sufficen to surface the ship. aiwnmplished prier IM surfacing.

Table III-A-28 Sur'facinlg Bill.

Perumui Camesd RaeSponlblty I General Informalon Acons ICW Operaions, Inspectlns, R

ISVL COd al vents SHUT.
IL Ensure pWaa lineup al hymiolkc pumps.

FeaPlftl the HeM V~al Eledrode socleor uheh en
Need Valv cenlrl switch le AUTO.

____ ____ ____ ____ ___. Tedl the owd flemi11 iiiicdor to assure saistfetory

- ~~~~L aositio TOM4 (in'*.cll Madt Flood and Drain V~lw
d wdh 10Ms TD-" In turn. OteIn the Indiawle wsuM. When

Wmlgien L Chw MIT la pressure Mwn Wsyt fim tnsend wnt
dran wales

Pr~~w to Susfas S. iOpen hubea dIdahned "M airrd untvalveslan

lih dSubmarine IdentiflcaIon 1M
2. Chaok bridge accss trunk drain free of waler end,

Prspeu depth., requeet permission from Officer al the
________________ ____acces s trunk hatch.

- -~~ LiUne up aproprialed IC circuits

Lu ~L Piaew n se er s Mekout. M~hi In proper clhihin
____ ___ ___ ___ ___ ____ ___ ___ ___ ___ L le tOe IC wilcam readyto take to the brlpe.

WA ~L Owdor, 'DIVING OFFICER, SURFACE THE SHIP.' le o
L Ord1erweduchowan neeeessary.J
S. When the ship Is on the surface end holing, as d

periscope, ardor the inboad end outbord Induction v"la
ks epalidb order -START THE SLOWER ON AU. MAIN SM

4 Order, 'CRACK THE HATCH'. If there Is no oil bn g
pemUNe vacuum owpar equslied with outside almo wh5. When report Is receive that the hdch Is *oen ed
QIMRIIMASTEk TO THE BRIDGE' and 'RELIEVING OFFICE

_________BRIDG'.

01w L~2 Order, 'RW THEFORWARD GROUP, Iandis the IN
6*e, S1LOW THE AMRE GROUP'.

1. Centroal eemmn end helmsmen am noesseery to a
Inftluup angle.

6.Turn the Central Center Watch er to the Chief d,
1. If the ivlny ufflw Is to astume the I)Kk. prwace

hft Is aqmd
If &*alhe oflcar Is Is assume the Deck, rMain lI

capaity. Whonthe shipIs operating onthe surface'.
000, the supervisory watch may be secured.

A, Order the hskesoldsl to the brits, estalhlsh commla4
9. When cormilens permit, ordor planes place In nei

IL When rellile cmmunlcollans hav been esdsIsh
11 AM READY TO RELIEVE YOU AS OFFICER OF THE DC



SUAL INFOWMTION

U h dr pae to the Inboar d control stMWllnraion ben 6 K toe 00W is not a qualified officer of the Dec; IsUrfacnd, a qualified officer
~~~~hrws ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I to the Inor1oto6tto il omlyb d rutI Control and be prepared to poee to the bridge and then relieve
jug. Wi~Ne Offce dt the Deck upon receti~ng all the Information specified In the U. S. Nay

Regulations Pod Indicate relief by sAting, 'I RELIEVE YOU AS ')FICER OF THE DECK'.

In WIS O Operations. Inspections, Recordings, Etc.) Communindion Responsibilities

L The ~offcra the Dec shall hae the word passe owe the IMc. 'PREPARE TO
____________________________________________ SINACE,_PREPARE TO SURFACE'.

~SHU. L. Receliw reports from the Auxiliaryman Forward and the Navigation Center
Ineup of hydraulic pump. Supeiwie that they we reedy to surface.

r Vav Electrode selector switch on the 1CP toI ndteI dRqsr 'READY TO SURFACE' I@ D~vrq Officer of the Welch when all rviquired
bo AUTO. ralooline ke bn reeied

Indicator to assure satlssfatoy operation.__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Induction MAst Flood and Drain Valvel to DRAIN and open drain L Report to the Chiat of the Watch, "'XILIARYMAN FORWARD READY TO SURFACE'.
F&t Drain the Induction meast. When rmea Is dy shut the SUMd by in COC for additonal orders.

pressr blw system lines and ventilatkoeshAi meat dry. SHUT 4. Report to the Chiat of the Watch, "VENTILATION EXHAUST MAST DRY, OUTSoARD

~ In adln an ou ieed vetiltio eim uatvales, hec inINDUCTION AND EXHAUST VALVES IN POWER, READY TO SURFACE'.

I*air supply valves is.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

from theOfcrof the Deck to energisrunning 1ghts If 3. Report,'LOWR HATCH ISOPE to the Officeraofthe Dick and proceed up Into
A~snus unless at darkened ship. ke Prepared to rig masthee toe brle sso trunk.
Idetfication light.

mstrunk drrdn froe d water and, afte ship has reached
permission from Officer dt the Deck to open leve brillie

MMte IC circuits. Z. #Wn JA phones lo receive reports aid relay to the Chief of the Watch.

4 loekout, attired In proper clothing and equippe with binoculars, 3. Staind by the bridge access trunk Ladder to relay words to personnel In the trunk.

Manresv s tke he rideL When ready, report to the Officer d the Dock~, INCHES PRESSURE IVACUI.
IN THE SHIP, READY TO SURFACE.'

OFFICER, SUNFACE TIA. SHIP,' to the DMrq Oficr of the Watch.FMas necessary.
is on the surface end holding, as observed through the
nboar and outboard Induction valves opened. When pressure
IART IHE SLWER ON ALL MAIN BALLAST TANKS'.

THE ATCH'. If thereIs noervidsfce offlooding, and after
easequalized with outside atmosphere, order, 'OPEN THE HATCH'.

receve that the hatch Is open and when reedy order,
THE BRIDGE' end 'RELIEVING OFFICER OF THE DECK TO THE

Tii FORWARD GROUP,' and as the ship comence to taf an up L Nowe the word passed, 'SURFACE, SURFACE. SURFACE,' Iwr the IMC.
Ml OMPI, % RepaIsto the Offce dt the Dock.'___ FEET AND HOLDING'.
Miiad helmsman a neesay to achieve a 3 degree to ) dgree

ls on the surface end holding. order, 'SECURE THE AIR'.
4Cente Watch awe to the Chief dt the Watch.
1181' to assume the Deck, proceed to the bridle when the upper

:Is to assume th~e Deck, remain In Control In a Supervison-
ship Is operating en the surface, with the pormission of the

watch may be secured.
Es) to the bridge, establish communications en the bridge.
permit, Order WVane placed In normal surfaced runninig

"municalions have bean establiished and when reedy, report
lIVE YOU AS OFFICER OF THE DECK.

- - ~ ~ .d.A MaiI



ra l Comman Responsibilities I General Information Actions IC&D Operations. Inspections,

2. Blow main ballast tanks as ordered.

Table IrI-A-18 (Continued) 3. Open the outboard Ind€ellon val" when ordre&

4. Che* head vl Indicating open.

$. on1 recei o the order 'START THE RLOWER ON ALL.
mrir a low pressure main ballad tank blow by passing the;

ON AUL MAIN BALLAST TANKS'.

L. Check lanes placed in normal surfaced running

1. Ater the L P. blower has been rurning for 20 mim
Offr oaf the Dock open thi L P. blower discharge venti
the Mower shifted from the main ballast tanks to the ventl
WWsIj the wod 'SHIFT THE SLOWER TO VENTILATE OUT

Nt It Is etremely Imp~t tthat tt L.P. blower
requestel by the OOW since the main or audx
bsom dr hound while bowing up aer su

8 Iepot the following to the Offlcw d the Deck a

Wd valve ImAtes OPEN.

'*Acerd Indudlon OPEN.

lawer running an all maln ballast tanks.

Mein ballasd tank blow comp•ie, ventilating ouboard.
AuL. d W* L When or~ered to open the Inboard inducion valve NM

ImiteonL When orderd to start the low pressure blow on all
Cua tr O1en the Inboard vantilation exhaust valve (AST 251.

Opn the LIP. Mow discharge ventilation exhaust (AST
Start the L P. blower In slow. then shift to fast.
Open forward group L P. blow stop (AST 17).

Shut the L P. blow discharge ventilation exhaust (AST

Oen 81er group LP. blow stop (ABT 13).

Start the Main Inilction Fan Fan Ollin slow.
L1 When ordered to shift the low pressure Mower to Ton(

Wow dcharge ventilation exhaust (ABT 161 and shut thet
vaes 4ABT 13 and ABT 17).

3. If ordered Io secure the blower. stop the bover and
le ds vavs LABT 13 and AST 17) and the Inbcird

PWOMM L Maintain a 3 degree to5 degree up angle If possibleu4
NII Ithe Diving Officer of the Watch.

2. PMle the rudder amidships until the ship Is surfacei•
of the helm and steer onred course.

X PV" planes In EMERGENCY on ziro unless otherwis'

L When orderd by the Officer m the Deck. Lrack open
d Uc K I held on the latch.

2. Whe rde by the Officer of the Deck. eWnthe uq
3. Prvcele the r•liv•ng OOD to the BrIdd

k4. Rip w the ridge clamshells and ass;st the 000 Inti

S. Check upwer hatch rigged for ivq and clear.
SL When ordered by ta officer at the Dock. Proceed to U

Helmwm In rigging brlide for surface.
"Audblhy L When orded by the Officer at the Deck. proceed to t

vedidam mikee..
t Chad the brldge IC recpacle free o water. plug Ins

'SUITCASE READY, to the OD.
3 When ,rect•id by the 000. lay below. energize the l4

Ie NC swritches In the proper positions.

4I



I Actions IC&D Operations, Inspections, Recordings. Etc.) Communication Responsibilities J
;n ballast tanks as ordered. L When ordered, pass the word 'SURFACE., SURFACE, SURFACE' on the IMC.

aeesotod Induction valve when ordered.

Maile vonv Indicating ope.
00 o the order 'START THE BLOWER ON ALL MAIN BALLAST TANK.%'

presure main balladstlank blow by passing the word 'START THF P' OWER
R1SALLAST TANKS'%

ývwa placed In normal surfaced running position when ordered.
L LP. bkase has been funning for 20 minutes, or when directed by the
Deck1, open the L P. blower discharge ventilation exhaust valve end order

Othtlle from the train ballast tanks to the ventilation exhaust mast by
rVd 'SHIFT THE BLOWER TO VEMTILATE OUCBOARD'.

h Iseiiemey IporanttIa the L. P. blower be secured Immediately if
vquetod y te COW snce the main or auxiliary sea water system may

homear ondw iebowing up after surfacing.

goI follwng to the O=fcer of the Deck as occurrings

Indicates OPEN.
induction OPEN.

f-wurning en all main ballast twank

mllast tank blowe complete, ventilaling outboard.
*6re to open the Inboard induction valve (VH-3) do sq

trore start the lo pressure Mlome on all main ballast tanks.
Sinboard ventilation exhaust valv LABT 2).
L.P. blow discharge ventilation exhaust LABT 10.
L.P. blower In slew, then shift to fast.

bernar group L P. blow stop (AST 17).
eL.P. blow Ascharge ventilation exhaust (ART W6.

Per group L.P. blow stop (ABT 13).
III* Main inducton Fan Fan thin slow.

to shift the kit pressu re blower to ventilate outboard, open the L.P.
ventilalion exhaust (ART 16) And shut the PAST low pressure blow stop *

:3aind ART 17).
Is secure the blowe, stop the blowe and shoat the-AST Iw-presse-- - -- - ---

(AUT 13 and ART 17) and the Inboard ventilation exhaust valve lAST 25). ________________________________
a 33 degree to 5 degree up angle it possible until ordered otherwise by

'of the Walch.

rru d der Am idsh ips u n til t h e sh ip Is su rfaced .at w h ich tim e t ak e ch a rge 

1
Vd steer "ordrd course.

In VEMGERNCY on zero unless 3therwise ordereid.
dred by the O~fcfie at the D.vck crack open the upper hatch, ensuring

OUrste latch.
by ihe Ou0lcer of the Deck, openthe upper ht~ch.

the relieving 000 %the bria Slg.
thea br~e clamshells And assist the 000 In eitiblshing communicalions.

vowr hatch rigged for tiye and clear.__ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ad by the Officer of lhe Deck. proceed to the bridge and Assist OOD
for surface.

ty tho Officer of the Deck, proceed! to !he bridge with the IC

rrdpe cepales free of water, plug In the IC suitcase a&W ropart

rected by the 000, lay Wielow nerghts the IC~ circuits and place the
sInn the proper poaHIltos

IIT-71
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Table III-A-lB (Concluded) AISSUC

dt Gonerol An Airless surface Is aceplished by planing the ship to the surfw. M Procedures. The normal sufacing procedure shig
with sujfficient speed to maintain a partially surfaced attitude while the Induction is aMle I belom
ognaf sWi the bm pressure blower is started on the main ballast tank low pressure

ftrsmnna Command Responsibility I General Information Actions IC&D Operations,~
ODD 2. When the order. 'SURFACE THE SHIP.' sls

Order sufficient speed to maintain head '

Raise the snorkel mast.
When heed valve Is clear of the waler eniý

the ouftbord induction ir , ened.
Order the low pressure blower started.
Order speed changes as neo~sry.
When the L.P. blow has Increased htvwau

surface with the planes '" zero, order the upo
Mence of flcooing, -, after pressurelvacuumi

atmosphere. order th( ..ých opened.
Nfle The Officer of the beck must ensum

ship has sufficient positive buoyanq
the ship to resubmnerge.

001 The Diving Officer of the Watch shall cart
pressure air will nat be used and the ship will
degree to 5 degree up angle.

cow The Chid of the Watch sahil carry out no
pressure air will not be used and the L.P. bMe
Officer of the Deck.

EMRGNC U =ACE

Emergency Surface. Certain ta~ctia and emnergency situalions may require
lmuedial surfacing of the ship without the usual preparatory procedures associated
with a normal surfacing. The following procedure shall be followed:

ODD L Issue specific orders for emergency blowil
Sl.W AL. MAIN BALLAST, or 'EMERGENCY SLQ

- - 2. When the ship Is well on the surface ant
3. Order the loear enJ upper bridge $was I

norm lprcdures.
4. After surfacing, order the outboard Indut

_____________________________________________________________report that the Induction mast is dry and out
110011L Upon hearing the word to Emergency blow

L 2 Control up a@gIe so as wr to exceed 20 1
- - _ ___ ___ ____ ___ ___ ____ ___ ___ ____ ___ ___ ___ 3. Carry out the rembinder of normal surfa
cow L Check all vents SHLUr Immediately.

2. Emergency blow main ballast tanks when
3. Ensure prowe linesp of hydraulic pnfts
4. Carry out remainder of normal surfacing

Do nat order the L.P. blower started unt
ventilation exhaust mast have been repornted 6

CREW fit other members of the diving party ca
expeditiously, Including those duties normally
erdr, -PREPARE TO SURFACE'. Make prescri



AIkISS SUIRAICI]

IL The normal surfacing procedure shal be fallWe except a

Actiobs (CIED Operailons. Inspections, Recordings. Etc.) Commnunication Responslbliltles
Own the order. #SURFACE THE SHIP.' Is given: L The Officer of the Deck shall have the word passed over the IMC, 'PREPARE TO
P&e sufficient speed to m~aintain heed valve clea of water.SNAEWT0 I.PRARTOUAC WTH rAR.
6"e the sNWre mast
Oh heed valve Is clear of the water a&d maintaining clear of the waer, ardor

"" Induction valve opened.
ýIer the low pressure blower started

~rspeed changes as necessary.
Pinthe LP. blow has Increased bWancy sufficiently to hold the ship an tne
j ih the planes on zero, order the upper hatchi tracked. If there Is no

Ilflooding, and after pressurelvacuum appears equalized with the outside
thr.order the hatch opened.

The Officer of the Deck must ensure, prior W~ opening the hatch. thd the
ship has sufficient positive buoyancy to preclude the waves, from causing
thieship Is resubmerge.

heDiving Officer 41 the Watch shall carry out normal procedures except high
al r will not be used and the ship will be planedl to the surface usinga3

to 5 degree up angle.
OR.'*hid of the Watch sahlt carry out normal procedures excep that high

Sarwill not be used and the LP. blower will be started on orders of thewdi the Deck.

EMRGNCU SA=ACE

wese specific orders for emergency blowing of main ballast, I.e., 'EMERGENCY
IAL MAIN BALLAST' or 'EMERGENCY BLOW THE FORWARD GROUP'.

the ship Is well on the surface and holding, order 'StCURE THE AIR,.
the loer and upper bridge aces hatches opene In accordanice with

procedures.
Wesurfacing. order the outb~oard Induction valve opened Witer receiving the

td~ the Ilnicdion mast Is dry and outbeord valves are in POWER and unlocked.
;;hearing the word to Emergency blow. sound 3 blasts on the diving alarm.
Wdup angle so as not to exceed 20 degrees up angle.

ryout the remavinder of normal surfacing duties.
;a-ol vents SHUT Immediately.

blowy main ballast tanks whe ordered.
sum proper lineup di hydr'aulic p~mps.

out remwainder al normal surtoclqg dutles eucept

;lu order the L.P. blower started until low pressure blow lines and
exhaust mast have been reported dry.

I oher members of the diving party carry out normal surfacing procedures
sly. Including those duties normally accomplished following the preparatory

'PREPARE TO SURFACE'. Make prescribed repots



OBIA. INFORMATION1

dt Sh~z propulsln mej be eccmplishad by operation of the main propeller shahl h Prompt and proper propulsion orders and Immedate,
using one or both main turbines or the Emergency Propulsion Motor, or by operation e~rdr Is essential to the safe operation of the ship. Ths
of the Secondary Propulsion (Outboard) Motor. The Outboard Motor may be operated must he kept fully and promptly Informed of limitations or
singly or In conjunction with operation of the main propeller. Procedu.res for the plant modes and electric plant lineups. This Information s,
central dt propulsion mode, direction, and rate are established In this bill. Proseduras Engineerin Officer of the Watch 1E00W) In terms usable tw
for opoderatonfa propulsion equipment are delineated In f nginweing Department (I.e. by stating the bell or approximate numbers of turns to
Opoesing Procedures and instructions. NOWte rather than stating vacuum, temperature. tc&.. urn,

Table II1T-A-19 Propu~lsionl Bill

fereenn Command Responsbiblitles I General Information Actions ICDO Operations. In
00. L Direct the Engineer Officer of the Watch (E

be employe as followsc
Shifting propulsion to the main enqInes.*

Direct the EOOW to 'Shift propulsion to 1thwe

erder 'ALL STOP' to be rung up to signal the We h OWhsrpre Reyt i
Shiftin propulion to the EP!

Direct the EOOW to 'Shift propulsion to the.
*When the COOW has reported 'Ready to sh

'ALL STOP` Is be rung up to signal theo EOOW to.

Direct the EOOW to 'Lower the Outbad i teScn. r Ib Otor

When the Outboard has baen repo:rtedr
Helw~man to 'Test the Outboard'.

* When the Outboard is no loonger neededd
Z. Central the direction and rate of propulsion byl

lellowing terminalor.

Teeobain sbtendezed speed incremenk
'ALL AHEAD ONE-THIRD (rWO-THIiRDS,
'ALL. BACK ONE-THIRD (TWO-ThIRDS, F0~
'ALL STO!"

To obtain other than a standardized speed I
"nineer Officer of the Watch using following

'MAKE (desired number) TURNS.' or
WMAR Wl(dsred number) Wnos by lai

To obtain rapid response to an ordered ball1
cewkiWlo order a Jump bell.

Secondeiy Propulsion (Outboard) Motor:
Direct the helmsman to ¶TRAIN THE OtiflW

I -d which it Is desired to mow the ship's StW
Wham Oulloed Is reported to be trained 10

Whan Outboard Is temporarily not reM

SWhen Wdesed at a Reacor Plant SCRA*

Order 'ALL STOP.
Euecule the Reduced Electrical Pwer IIilt

The Officer of the Ded will, If anY emereo
requiras maintaining turbine propuislool. odr th
be #mve to ManauIveing at the first opportunity.

I ~Order proplsion shifted to the EFM after It
omir Is not reqired.

___________________________________________________________Mon the JA phones In control.



GBIERAL INFORMATION

Imoper propulsion orders and Immediate. correct response to these c)The proe method a answering bells on the main eNngins Is dependent upen
Welto the safe operation of the ship. The Officer of the Deck (0001 the condition of the ship and the urgency of the situation. The folloing guidselines

Sand promptly Informed of limitations or changes to propulslon qlyP
electric plant lineups. This Information should be pnivided by theSuf Oprtpousineimnto oatinteodrdbtwtht

forof the Watch IEOOW) In f?,e;1 usable to the needs of the 000 ew b cavitation.
~ebell or approamate numb*... of turns to which the plant Is
~pstating vacuum, temperature, etc.. limits). iige"&

During normal conditions operate propulsion equipment so as to preventM
colltiion of the propeller while attaining the ordered bell.

During casualties which require rooid propulsion response Flooding, jam
verltie etc.) or when ordered by the Officer of the Deck (signaled by a jump bell.

iLe. 113 to Standerd, 213 to Fuli, etc.) operate propulsion equlpmont so as to attain
the ordered bell as rapidly as possible, without regjard to colitation and within plant

S Actions (CD Oporations Inspections, Recordings, Etc.) Communication Rssponsibilities
~mtthe Engineer Officer of the Watch (00OW) as to the propulsion mode to

~lgpropulsion to the main engines.*
~rect the WDOW to 'Shift propulsion to the main engines'.

MWhe the COOW has reported 'Reedy to shift propulsion to the main engines,'
' ALL STOP' to be rung up to slanal the COOW to shift propulsion to the main engines.

nepropulsion to the EPV.
nthe COOW to 'Shift propulsion to the EPM'.
Wthe COOW has reported 'Reedy to shift propulsion to the EPM.' order
VIPI*e rung up to signal the EQOW to shift propulsion to the EPM.

ngthe Secondary propulsion (Outboard) Motor:.
red the ECOW to 'Lowe the Outboard, test, and shift to retmotel.

h the Outoard has been reported levered and shifted to reimote, order the
its 'Test the Outboard'.

W1441 tt, Outboard Is no longer needed order the EOOW to 'Rig In the Outboart.
the direction and rateof prm ibyordr to the Helmsman using the

go obtain standwriue speed Incrome
'ALL AHEAD ONE-THIiRD (TWO-THIRDS, STANDARD, FULL OR FLANK)'.
-ALL SACK ONE-THIRD (IWO-ThIRDS. FULL OR EMAERGENCYW.
'ALL STOP`

Is Oin other than a standardized speed increment, control speed by order Is the
Officer of the Watch using folwlrv,- * uinoloW.f

'MAKE (desired number) TURNS, ' ot -MAKE TURNS FOR _ ___KNO7`S'.

'AMA (desired number) Itnots by log'.J
To attan rapid response to an ordered bell when submerged without regard to

order a jump bell.
ryPropuilsion (Outboard) Moton

Ured the helmsman to 'TRAIN THE OLITBOARD TO 1' (rellive bearing
which It Is desred to mova the ship's stern).
Whe Ouboard Is reported to be trained to the orilered beating. 'StaW the

enOutboard Iss teporarily not needed. 'Step the OuU~tord.
adivsed of a Ietdor Plant SCRAW
'ALL STOP.

the Reduced Electrical Perw Silt.
Otfcer (A the Decit will. if any emergency ship condition edsts which
maintaining turbine propulsion. order the necessary bell. Confirmation will
to Maneuvering at the first opportunity.

propulsion shifted to the EPM after it is determined that rapid rsos
Isnet required.
the JA phonesIn control.



-Table III-A-19 (Continued)

Parsonet Command Responsibility I General lnformantilm Actions (C&D Operations. In
Sewen the rig for n~duced elediriall powe
SNIt propulsion baed th the main engtines

WO!L When directed I* 'Shift propulsintth mi
Worm up the main *Wgines a ncsay

L. Owe ireclod to 'Test the shall an the main

Roll the shaft In the ahead and astern d

3. Ien directed to 'Shift propulsion to the E
Staioen a waich it the EPM.
Establish JA phone communication betweean

4. Waen directed b 'Tedt the shalt on the EPM1.
Rtoil toe shaft In the ah~ and astern 0I UrNo sh*p

L. Mhen directed t1h;ttew the Ouboard test
Lmie the Secondary Propulsion Motor.
Lecalty, clos the Secondary Propulsion Mosto

darts. open circuit breake.
Laeally train the secondery propulsion mollo

eaft Is 0 degrees relatve.

Rtract the eider.
Shalt limitailons shall nat be enceedad eseplt in en emtergency as directed by the I. Wien standardized speed Incrwmets awe

Cemmanding Officer. The Engineering Officer of the Watch will ensure that other powe Adoog ore by matching angina re
Plan operating limitations specified In the Englneeilng Department Operating Pccuroears an*rteodrdbll1igu TPadIthe Reactor Plant Manuel and other drectives front higher authority wre nat exceedu. cansuerlthe ordre bell.riguSTPad

Shalt RPM will be the particular RPM h w
bell. unless a different RPM Is specifically or
bell signal cancls any previously ordered RPM.

Operate Propulsion wipmgnt to attain the W

Propulsion an Main Turbinest (Surfaea

AHED One-third 0
Tmie-hirdg 10

Standard Ito

Flaak 1O% or ll

RPM1

IVA One-third 90
Twom-hlrds 75
Full

Eme.genc 200 W 1,1
*Iet When FLANK or BACK EMERGIN

main Coolant Pumps will be l

Propulsion on Emergency Propulsion Moaoit
BllN RPM SUg4

AHEAD dit Die-thirs MInImU411

PICK Two-thirds MadMUm



-Actions &D O erationi, Inspections, Recordings, Etc.) Communicaion Responsilbi~ll's
,*A rig lor reducud eledria power when readere plant Is repore self-sustaining.

pueaiain baed to the main engines when meneuverli reports read._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
11rectol Io 'Shift propulsion to the main engines'. Whan the main engines are warmed tip, repot to the Offtcer of the Deck, 'Readly

the ma~n engins as neesay shift propulsion bo the main engine.'
Ereced t 'Tet te shll o themai engnes'MOw 'All Step Is rung up, answer 'All Stop.,' 'hilt propulsW iong the Main

Is Tedtheshat a te min noles' *%oe ndie e report bo the 0111wr of the Deck 'Answering hills an the main engine.'.
pshaft In the aboad and astern directions being careful rod to put way an

Report Is the OffIcer of the Deck, 'TeOWe the shaft en One main engines, lest
0recte b 'Shift propulsion to the EPM'. udelatsry,

Ja pathnecm niainbwe the tPM opeao and 4 Rear the Officer dt the Deck, 'No*~ to shift propulsion to the EPM'.
reAe phon'es the shell on btenthe EPM'. eai n Mnueig When 'AU. STOP' Is rung up, answer 'ALL STOP', shift propulsion to the EPM

orce sto a di the ahead t and then Eretins aud reliet Is the 0111w of the Deck 'Answering bells, an the EPM'.

Nepas b the Office of the Deck. 'Tested the shalt an the EPM. test
'(11recld 1 low'u the Outboard test ar shift tlo rem*-'. ifbl'
60 Secenary Propulsion Motor.
dotain the Secondary Prouision Motor cittuit breake, schock that motor
ulrcuit breake.

k train the secondory propulsion neor 10 degrees In each dreckion, train
pgees relove.I

WyPropulsion Mater Control to Remote. NOWa to the 000. 'Outbar LowecV, Tests satisfactory and Shifted to RemoWe.

to 'Rig In the Oulboard'.M Mdor Control 
b Local.

Setondr P~roplso Mot Is the h0usin poelttbarlIsvn. p
P0 Wud increments are ordered via the Engine Or~tr Telqegra Rpr o h 0, h ubor srigdI'

.ar41r by matching engine order telegraph pointers. If unabele to

eded beli., ring up STOP and Inform the GODD of the difficulty orINC.
wili be the particular RPM shown on the bell tbleo for the ordered

a different RPM Is specifically ordered by the Officer d the Deck. A non
s any previously ordered RPM.

propulsion mfiulpment to attain the ordered speed In accordance with the
Bell 7able

boonen Man Turbines: (Surfaced med Submseouje

RPM
Onte-third 40

B le T hlrds so
stabrwd no
Full 301 IN MCP In SLOW)

HO Of MCP In FAST)
Fbak lODor RPM limitation

NoM RPM

Two-4hlra a3
Fulla
Eraelesgnc IO for 5 minutes

VAW Mwo FLANK or BACK EMIERGENCY Is ordered the
main Coolat Pumpis will be shifted to FAST speed

Mon on Emergency Propulsion Mdwor
SellRPM surfaceill

da OnethirdSubmergd
dk Onethird Minimum VAproamiel 2)y
Two-thirds Alulmum OApradmdel 311 J~'
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H ! Comm" Reipsnlbiity I Wwnrai I nformation AMen~
C . TablZe III-A-19 (ConoZuded) A• tu W I VAN

A** the MWi
N IO I* the rmp lidf 0 the Efqlnhrlrq Nicer (A the Watch to answr 5. m MW rd OW FUW

fto pimm nd m~urMay and wmIly with lprvwd Opwerin Proce@ro, the Shut the ran ,nil
fte r Plant Mnihl and other drstiwb from hgher authority. Ho shall InfSrm
the OMfier al the Dock d of any nel propulsion imitations. Anme Mi4s as

pMuisicm wA report 'An

Men the JA phones In
JA pile the folowring.

Cause d SCRAM when
When ammminglr a
When the reaft Isp

When TM Is In the
HiNmm L Whena a n imi

Van. the enieorde
Observe that the engin

pe e mif"4 lng recept.
airwekrne is noteielr telfordh. Is the

Che ckr ta the LOKt
to 

tmt- ordeed 

traE'n

When eidredn ST

Chum that the LOWm
(ibr Control POW.ne

bser the sth *drwLs Whn wdw t ImmRw

Olmprs the TRAIN Ri
Vwe S*W Propulsion M
points Ile tr-.) amlre train

Shut ftheSc

cbml that t= d*

S. "wf WSW'•1•

Okerve tha thee dry

1 /

!J



T ~Actions UC& Operaions, lnspectons. Reworqns, ftc) Caommuoltn Reg~pomjitikes

1. When a deme ti 'Maks Turns'.
A09 the wal of the mai sitaft to rAln o~rdee RP.

IWho onrft-A 'ak knob bylqWO
Aqithe speed of N~ mol sholt b obtain ~ordrd knots by undarWie Ip.

X. Of the ree plant SCRAMSi
Shut the main engine thvottlu and mndat. STOP on the Engine Ordw Telegraph. Immeidaly slse the Ul1cer of the Deak of the ctsualtY.
Arawe bells as ordered. r irected to shift propulsion to the EPM. shift

pqepl*e 'nd rport 'Answer~iv boeils on the EPM1.
Van the JA I -Am In ManefweriM Repel to the 011I=e d the Deck Vie the

JA phfm, the IMIomlrq:
Cause of SCRPAM when knon.
When comamaning a fmat SCRAM rcwmey.
UWhn the isector It crhltcat
When ft. radar ;;ant Is ael sustalrin.

Then YmIs In the green bend and maneulr~q Is reei to anwer all bells.

L Wheo a ItNde6!eq speed Increment Is nrdere leg. ALL AHEAD ONE-THIRD).
Moem the engin or~ telegraph pointer to the orderd speed. teAlckaudge the arder by exac ropoItmen kg. ALL AHEAD ONE-ThINW
Obeer that te yine order teleraph reoom&@ poiroter mhen totngine O w r order telegraph respmnse painter m toth serdeed

Mped mcknmiedine recelp t ofthe order by the propulsion control staion. If an to fth Olfw d fth Deck, 'Answer fOrdered Spee'.
ackniviogemWIs net reccelvd Immediaely, depress the %igna. button on the englne

ot lelegralh, 11ithe order remains unacknowledged tollming this mdll :. advise

2. When ordere la Iff ST THE OUTIOARD'.
Check Ma h O ERE nd UMMOTE Iiqhts ONo tthe Secondary Propulsion

Shutthe Semndey Propufison Mir circuit brae.Osrethat the BREAKER ~ oteCD OTGDlSSSTSATr

Train fth Secondary Propulsion Motor 10 degree In sect direction.
X When ardunto rP.AIN THEOUJTBOARD TO

Bepress the TRAIN RIGHT or TRAIN LEFT push button to moe the muMe ship en Adamidne* erder by mmd repalltin
Sho Sawi~ory Propulsion Motor Co~trol Panel, v~ia the shertest route, until Its 1mw ~TANDT
points to the ordered train angle. IM TANDO

4. When orderedctoSTART THE CIJt1OARD'.
Shut the Seawn"a Propulsion Mier Cirmsit tre2er. I'dm eIdeIVO by aid mpoithlon
Obum that the circuit breiker CLOSED light goes out.

L. when rdere boSTOP TIE OUTBARD' ott he(D.'iTCR SAlD.
Open the Secondary Propulsion Niolor Circuit Mresher. Adoele the orde V. exac repiltio.
Cbwve that the circuit breaker CLOSED light goes out. Ro lepett the 000. WOISARD STOPPED'.



Sedlns, Rmrings. 00c Cmm~nicllnItu oep, lsbliWais

on u the Engine Owrf Telqraph. lmmeiieI ololas the Me1w d Oni Dmck d the asualy.

ý"pIsffl to the EPM, shift

Sthe 0111cer d the DeW via the

Is reed to mium a ll bells.

SIe&g. ALL AHEAD ONE-THIRD).
pedrIuueed. se@e Owe ede by eud repeltion ILS. ALL AHED WNE-mHIRD1'.

pointer mii to the orfte When aqine %rdr Wqeroph response pointer wem b the eaee epee w olpet.

busllon mmnro staion. It an bo the Wiser d the Dbec. 'Anwers fOrdured Speel'.
the s*nal button on the engine

edfollowing this action. advse

m d been answered'

on od the Seomdusy Propulsion

eem.Observ that the BREAKER

lightedK Maen t~he dcurwt breeber. Mport t oth 000. 'UTBOARO TESTS SATISFACMrOY.
Zn eah drockon.

bufon to mwx the model ship an A C111 lee order by erM eplin
Ihe shortest route, until Its lowemt'UIADTAEDO

rear by. ovi 1 !w 4

owle b the DOD. 'OBOARD STARTED'.

reebe. ~im~e th or~r by ernI rpihtion.
out.~ owel ft the 000. WBOA~SRD STOPPEWD.
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Table .T1t-A-2O Ventilation BillUVLI

ThUS~~~~~~~~~~~~~~~~ The ucmd~i hittevnllnsde qb e~a l SNORKE Mo6 describes the
AWbW -- 4-. educh ed thusm is fb asfolwsam IhMouh the lnisdlon Piping N des0r1b4

* ii ~imea.~ m uneeow w~ai ~ * W idiune air from the ship's Interior th.
By this mim the mi ithuin the ship Is continuously dm~ated In a 'closed systemi tericssdintisbb

i lb tesip l metet.Recirculaion Is normailyap .tosdu~ring narnefutrdicsdInhs N
j prip pulbis sub rmerec when It Is necessay to maintain a seaed almosphere di The, IRGOICY VONTLAl! rmod Is
As Urn ar Is alrculied it it, purified by pesaqe through charcoal lfiters, preroItatdor ofmtwi ~ mep ic contaminefts
COf SrtMer COIN2 burnWS and Is revtullze by the addition d oxyge from the mr other objeclondle or noxious gase.
*WU gmealovir or oxgen storage banks. RECIRCULATEIis the line up to which the his fth avomparent while a second pdh

e A.wl be submmdically riurniO followli*g anpiotln d or securing fromuany other the diesd evne or the low pressure
06ai ll C FWI Vu~. ine Ot up 11r emergeons vmenallon.
0 The VDITILATE mode describes the meon by which air Is conitnusly drawn Enl

11m shi thrwg the iudixtion pipng while air Iru the ships Interior Is exhaeusted
thuupi th veuIm"u divabo pipin using the La Pressure BMWe.

PetaeewrnlCommen Responsibilities I General Information .1Actions (CD
No The recirculate mode Is the nonni wentlion line up. The ventilaiotn system will

be moleabmcally reurned to 'MECIRCLOATE' alignment on securing from any other

As :0114-". On receipt al this word oil coin
meuigiues ' 'RCIRCUI.ATION' In scorqnc@ wit~h

VEDNTIL

L Posiom the electrode selector
is adetheehod valv aidrol

SIIt Icng conitis exist, place th
5. MWe ordered by the Officer d II

UP Indication.
6.Checkthat the heed valve OPENI

is am"s the waste.
1. Tedthe mect loode Indicator.
IL 0th the ship at Snorkel Depth

To Irm vomb MS H EAD VALVE', cycle heed
bulzngldktton and 1Manuel Eme

lniciaile at CP with COD's vlsuil4
9. Owhe no water flow Is indicated

______________________ shut drain valves TD-52. TD-53, TO-

Avollesyman L Open the drain valve (A T 19,
d Wilch Illw, systm MrAi and the ventilation';

Fawn E Check MIT low pressure blow Vall
VWMnIaJon edhest mast valve (ABT 1I
X. Win ise ventilaion exhlaust 111

Du9
4. Ar wr~f~ng that the In"Icto

111114 L Unlock the Oulboard VentliationI
Cmw L2 Unlock teouboed Inducion Vol

3. Open the hull end backup valve
_______MA c Ntl n s to the head valve (VH-I0
.,- CW-L Line up ventloion system In atoM*IWtc

.4S



-,--.---I --15 W -- w w.-- ______ -- = .ý.

WDERAL IWORMATION

dl Thw SNOK mob desalibes the maims for ventilating the ship by providing air dt The RAPID VETMILAYIE
throughl the InductIon Piping as described cove for the 'VENTILATE' mode while 1W~ In this mo1 5; I
elwhstim ad' 'rm the ship's Interior through the diesel engine and the snorkel While air from th shi' I
smsta sytemi. Detalled proesdares for snorkel operation are provded In the Snrkel Bils, mod mmu haiui sytM

mid duig w e At further discussed in this bill. Ansoy oxcgs aiociecnamnto h d~ Mast mod may
IOmMM 6Th pRWreENILT mode Is the means used for evacuation of a specific emerienc conditions, as

00comominpeelmen - atmosp~heric contaminants scassketoigsrdatveonmnlo hehpIscontrolled yfn
Owth dhter objsctlonable or noxious gases. In this mode a supply of fresh air Is establiished In fte C410utIMent BIlls

Swhich the Ieb toe comparknent while a second path Is estabiished to exhaust It! Con-tents using either Imoe A14nw or
"ay " srh diee en&Wmngin or the low pressure bloser. Addenduim 2 asd Compartment Bills specifyprsuebem th

tam eW up for emergency ventilitatin h amea

MCIRCMJATE MODE

mation Actions (C&D Operations, Inspections, Recordings, Etc.)I
The ventilation system will The Officer di the Deck shall
ring from any other

On receipt of this word all compartments will r4g the ventilation system for
____________________________ ItELIRCLIATION'_In accordanacewith theCompartmentBill.

VENTILATION -MO-D-E

L Order 'PREPARE TO VENTILATE'"
____ ___ ___ ___ ___2. Order snorkel mast raised.

L lime the weed Pissed over the'
2. When the Chid of the Watch

Officer of the Dick, 'READY TO

L Posiion the electrode selector switch on the BCP at BOTH. 4. Direct the Auxiliaryman F--
2. hellf the head valve centrol switch on the BCP at AUTO. Posi~tio tuhe Induction ms
3. Itifcing conditions exist, place the *l0rode heater switches on the Open vent valves (ALP 26 l
5. When ordered by the Officer of the Deck, raise the snrelms. ac W 1111 Hilhlu Pulling a vacuum inth

UP Indication. Open Induction mast drain
6.Chadk that the head valve OPEN light on th 5CP ame on when the heed vYim (VH-I) A0 When all reports received, rp

Is AMe the water. 'KADY TO VENTILATE'.
7. Testthe masfllode indicator.
L With the ship it Snorkel Depth and when ordered by the Of':er of the Deck

%VS THE HEAD VALVE', cycle head valve NVH-il and check operation of electrodes
vutlIzing test button and 'Manual Emergency Ciose' Valve. Check hoead valve position
hdc*!v at BCP with OOD's visual "wrvatlon of hoead valve Position.
9. When no water flow Is Indicated In the Induction mast drain line sight glass.

shut drain valvesTD-52,_TO-5%,_TD-5d._ALP 236 and ALP 257. _ __________

L Open the drain valves (ART 19, 20, 21.22, 23 and 391 and drain the Low Pressure L. Report to the Chid di tser him systm lines and the ventilation exhausts masts.
2L Check MABT low pressure blew vilves IABT 13 and ABT 17) shut and died

ventilaton exhaust mast valve (ABT 16) open.
I When tse ventilation exhaust mast Is dry, shut drain valves (ART 19, 2k 22L ZL

23 ranw 391
4. After veriflying that the Induction mast Is drained, open the Inboard Induction

____ ____ ____ ____ valve NH-3l
L UnloctheOutboard Ventilation Exhaust VitoelABT 24)and pieceIt In power. 4. Report tothe Chdief49tho~jQ
2. Unlock the outboard Induction valve (.-)and place It In poser.
3. Open the hull and backup valves (ALP 239, 240. 241 and 245) in the pneumaic

control Ones to the hoead valve NH-Il
L Line up ventilation system in accordance with posted compartment bills. 2. Report to Conlrol when lined

L Man JA Phones to receive
Chid di the Watch.



ýIAATIQN

po ventilating the ship by providing air dt The RAPID VENT [LATE mode Is the meen di maximum replenishment cd air within. the
Wxfor tne 'VENTILATE' mode while Vilp. In mihs made Oir Is continuously drawn into the ship through the Induction system

$h the diesel engine and the snoW Vel edbfe r (rem the ship's Interior is being exhausted throuigh both the ventilation exhaust
"M oeration wve provided In the Snorkel BIN, Wi ewoork admi qpsei using the Le Pressure Blowe and Diesel Engine Respectively.

Any di tUee maim may be used surfaced or at snorkel depth. under normai or
~unsusedfor vacutiondi aspecfic muVmcj conditions, as dictated by the existing situation. Distribution of air within

jh as smoke. toxic gas. radioactive contamination fte ship Is controlled by fan, valve. wilper, doo. and fitting conditions as specified
Athis mode.a supply of fresh air is establiished tIs the Coqeftmnent Bilis.

Addendum to exaust itsmpartment Bls usingeithe Imo AllpUerot or operation of the ventilation system can produce differences In
~ Adendm 2Mid omprtmnt Fllsse~pressure bidween the compartments of the ship. Even a one-hall Inch pressure differentiai

aing on the arm of an Inter-compartment watertight door can produce a condition
di way real hwar Is personnel opeatng the Owa.

Mgons. inspections, Recordings, Etc.) Commupicatlon Responsibilities
Thy Officer of the Decit shell have the word passed over the IMC IRECIRCIA.ATE'.

will rig the ventilation system for
Compartment Blill.________________________ ________

L Order 'PREPARE TO VENTILATE'.

_____ _____ _____ _____ _____ 2.order snorkel Modt raised.
L HMv the word passed over the IMC, 'PREPARE TO VENTILATE. PRPAET Ei
2. When the Chidi of the Watch reports, 'READY TO VENTILATE'. report he the

Offcer of the De06 -READY TO VENTILATE.-
Son the BCP atO4TH. 4. Direct the Auxiliiaryman Forward or Auxiliary Electrician Forward lo

on the BCP at AUTO. Positlion the Induction mast drain valve (TD-54) to the drain position.

electrode heater switches on the Open venrt valves (ALP 256, ALP 257) n mast blow line to aliow the mast he raise

Sett raise the snorkel masL Wt ch forhu~'ingvcuitendcinllg
Open Induction mast drain valvai (I"- and (TO-03

Men tho SCP eam on when the heed valve M-11) It. When all reports received, report io the Diving Officer of the Wdch
1EASY TO VENIiLATE'.A

when ordered by the Officer of thp Oeal
NVH-1) and check opeiation di electr**e

ulose' valve. Check head valve position
I ion of head valve position.

Ithe induction mast drain line sight glass.
ALP 2%6 and ALP 757..4

21, 22, 23 and 39)and drain the Low Pressure S. eport b the Chis! of te Watch 'RUADYTO VENTILATF'.
sts masts.

(AST 13 and ABT 17) shut and check

is dry. shd' drainl valves lAST 19, 10, 21. 22.

Is drained, open the Inboard indluction

st Vetoe(ABT 24) and placiIt In power. 4. Report tothe Chidof theW sIch'-READY TOVENTILATE'.

NII-2) and plare It In power.A
P 239. 240, 2d44and 245)In the pneumatic '

dace with posted compartment bills. 2. Report to Control when lined UP.

L Men JA plaones to receive reports from compartments for relay to the
Chidi di thit Watch.

111-76
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Table 1I-A.-t20 (Conttnued)

Prnamwl Commend Rhsegsibilitles I Coelera tromation Adans IC&D operations. l"
000____ L_________________ _________________ 1 Order 'SECURE SNORKELING I VENILATING'.

2. Carry out procedure for 'SECURE VENTILATING'

cow CAMy Out proCe1ere Ior 'SiCURIN6 VE4TILAOI

AusllueymmCarry out paocedure for 'SECURING VENTILATI
dt Watch $ewuving EmeeuNcy Vwiwlio aqtpae

We~~gathn C4 M, oumt proe~res for 'SECURING VD41ILMT

willCarry mat procedure for 'SECURING VENTILATTI

ANl L AN~ the compartenrwt for Recirculating in
-arb Wness atherwise directed from Control. The

Wathes 'flCIRCL'ATE MODE' eve though It may hase bfen
woudon such as fire. radiation, toxic gas, etc,

R-NMODE

The rapid vontilate mods should be used when it Is demed necessary to obtain the
maadmu mn replenishment rats of air within the shlp. The basic systvm lineup Is that for
'SNORKEL' and 'VENTILATE' modes axicurrevitti. The specif ic lineup for rapid ventilatlon
shall be In 4ccordarce with the rompartment tWis. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SAW L Ins...re that W' compartmerrts are rigge a
the CON"MtInt 81111.

COW- To5~*Ro atli Ar u the prepa'aions for Vent"'hie andS

I ill and the Snorkel Bill.____
1f L Comfmece imnwilte pre~ratioms to tolv~l in

Auxiliaryama LRIB o etlt and I . -wrke in EJxrnwemx
of Wach
Femever, mi

lab ~~L Insure Via, compartment is mse"vitiwt 'iggedi!-"111M C48IWSA Bill.

Te Cemmence Rapid Ventilation I o i trec ihti

______ _____ ___ ___ ___ ______ ___ 2,Whe irectA commence snorkeling in A

CmW-7 Commence ventititing In accordance with this

_______ __________ _______ 3.Wtmn dreaft commenc ;rmrkong In acw
000_ __ _- L Wie RpeVd Vamjiatlm secured sequenisay In at

1', Secure ft$d Ventilaton UeS~ta il

~cow Socire. Mopd Vetilation In acLdarne with



Actions (C&D Operations, Inspections. Recordings, Etc.) Communication Responsibilities
''CUESNORKELING I VENTILATING'.
a m refr'SECURE VENTILATING' or 'SECURE SNORKELING' L ime apprepriele word pessd over IMC.

3. When all reports rucelwad report to the Officer of the Deck. 'SECURED FROM
_______ ________________________________________ BEGENCY VENTILATION. RECIRCULATING'.

utprocedures for 'SECURING VENTILATION' or ',SECURING SNORKELING'

ýoutProceduires for 'SECURIW; VENTILATION' or 'SECURING SNORKELING'

procedures for 'SECURING VENTILA(ION' or 'SECURING SNORKELING'

Sstproekre for 'SECURING VENTILATION, or 'SECAJINGG SNORKELING'

Scompartment for RecIrculatilrm In accowhnce with the compartment bill 2. When cmngartments are riged repiort. 'SECURED FROM EMERGENCY VENTILATING,
sdirected from Control. The comparmenlt will be voturnerl to the RE.CIRCULATING' to'Control.

PT7 MODE' even though 11 may have been previously rigged for another
suha isrdain toxic gas, e&c.-

~~ILTION MODE__

1 tm ')sw passed on trw IMC, 'P'REPARE TO RAPID VDITIlATIE, PREPARE TO
SWORKL.

Sthat all compartments are rigged a rapidly as possibl in accordance with 2. When all compartments, ~cusli ManeuverIng report rigge. report to the Officer of
Bill. the DeK,6 'READY TO VENTILATE',

3. Wt,'i Maneuvering reports rigged anli the Law Pressure Blowr Is running, report
_____________ ________ _____________________________ to the Officer of the Deck. 'READY TO SNORKEL'.

itthe preparations for Ventilate ond Snrkel expetitously in Kacrdanre with 2. Report to the Diving Officer of the Watch when 'REAM~ TO VENTILATE' and when
the Snorkel Blil. 'READY TO RAPID VENTILATE'.

Immediate prepeirtilons to Snorkel In accordance with Snorkel Bill. 2. Report to Control when 'READY TO SNORKEL'.
VeItile aid Snorkel in accdornce with this bill and the Snorkel Bill. 2. Report to the Chiet of the Watch when rigged, 'READY TO VENTILATE'.

f xmetetIs 6qd~ltlusty riWNe In accordarzce with the 2. Report to Control. .'READY TO RAPID VENTILATE'.

L Upon wa~iving the report, 'READY TO VENTILATE', direct the word passed twice over
ti;e IMC, 'COMMENCE VENTILATING'.

2. 1Wo receli~ng tho report, 'READY TO SNORKEL'% havw the word passed twice wor
the !MC, 'COMMWIE RAPID VENTILATING. COMMENCE SNORKELING'.

ventilating in accordonce with this bill. 3. When snkorklng roport to the Officer cof the Deck. 'RAPID VENTILATING'.
iroe#4 commence snoukellin In accordomc with the Snorkel Bill.____________ _______________

1. ventilating in awcrdince with tlasi bill. L Pus the word mr the IMC as directed by the Officer of the Deck.
firectak commence snorkeling In accori~wce with the Soorku'4 Bill.

are Ventilation sacuaod sequentially In accordance with t~tis bill and 2. First, have thv w.Yd passed on the IMC, 'SECURE S,4ORKELING. CONTINUE

are. When the Diese Engine is secured and when desired veoidilating will be secured
Ir. accordanc with this bill by havirVg the word passed 'SEV'JRE VENTILATING'.

Rapid Ventilation In acordance wft~i the Comparinnert Bill. 2. When the comnpartment is rigged, report to ContrN, 'SECURED RAPID VENTILATING., .

________________________________ ~~~~~RECIRCULATING'.____________________________

........................ ......v~aia.Jat.k~n~



Table .tII-A-20 (Concluded)

PmneffhiComn~d 0"oonsibilmos I WNeWa I nlomation (Adlons ICU Operations. Inn

LS.I2 Ore~r the outboard induclien NVH-2) *ManAdftbord

W W_ _ _ _ _ _ __ _ _ _ _ _ _ _ OPEtN D
LWhen ordered OPEN the outoerd Induction vulve~

L ec n tuboord ventilation exhaust vwiv switch ITo Cowen. ~N in this Peltimin until the blowe Is running. (The
______ ________________ _______________ In Contrefl. Then release the switch to the AUTO

~1 1L Open the Inboard ventilolion exhaust valve lAST 25

Nulifoi L When the outberd Indicton 40H-2) Is OPEN diad

L Owhe the oulboerd ventilation ehaust LAST 241vew
________ ____________________________________________________ Sow In SLOW speed and shift to FAST.

low 2. Crmimpsos the ship as necessary for sorkel mast

cow L WtMsn the L= Pressuic S lowr Is sloppok ;hit. the
Plc the ,utboarO verititetor exhaust vat%* switch In Owl
2. Turn heed vah* NVH-Il control switch lo CLtn)SED.

0ReOWt STRAIG14r 3OARD1 (or exce~'tons) to the Divin

Semi, V~ilu~n I . Lowe the mast, when lowered, report. -MAST
Secure __ _ _ __ _ _ __ _ _ _ *io a t the watch. I__ __ _

Auxillrpon Shut the Jnboerd Injducion (VH-3) and Inboead venUi
of______________ 2. Lock Shut the ou**oar Indudlon CVH-21 en etbae

_________ __________________________ _____ vale wheh they Indicate SHUT.

NS~v~MIU'L Secure the Low Prassure Slower.
Cente1r L. Secure the main Induction fin Fin 411)

3I Zhul hull and backup waves K.P 239, 24D, 244 eNd
____ ___ ____ ___ _ lnes 11o the heed valve.

AN Cop.t Une UP the ventilatlon system for 'RECIRCUL.ATING',
Wani he YMCA______________________________________ Comnpartment Bills and report to the Chief of the Watch.

Whn hewo4 PRPAE O MEGECYVETIAT TE WITH THE DIFStkt DIESEL. PREPARE TO SNORKEL', or,

411111MR~~~~~~~~~~~~~~~~l ~ Capw l notet hl i nacodnswt h jb il,2 rdry $PRPt R The pro ERGEs C VoE'NORK AEL or E JV

nDow ym _ ____ ___ Carry outth procauires for 'SOKE'or'ENTILATE fihe t
3.re Caryut_ _ceurs__ _'SORLI__e__#

cowgt~f L Carry eut the procedures for 'SNORKEL or 'VENTILAI.

amenewlhheodrsuriowrotattllbredfoimesles L Carry out the proceduressort'SNORE'or e~lIfETIheI

NIN1180"L 4 rr In ure the EnroneeurigSes arrgle for 'SNORKL r'ETL

The loL UEngeeupallteelnedentwnlwhniomrgesystetiltiinisac beSlowrnceI* e usd,

C"Portow2. Man apprapriato souni powsred talephones



!!d(e W COP11ettIoNS, Inspeoflons, Recodings, EtcL) Communication Responsibilities
L After receiving report 'READY TO VENTILATE' fromn the Diving Officer of the Wath.

erder "COWID4CE VENTILAT1ING'._ _ _ _ _ _ _ _ _ _ _ _

(aictolVH-2) and outboard ventilation exh~aust valve (AST 24) L Have the word passed on thet IMC 'COMMENCE VENTILATING, COMMENCE VENTILATING'.

Ithe ouheard Induction valve (VH-21. X'Repor 'VEITILATING' 1A Divng Officer of the Welder
~entimio exhaust valve switch In the OPEIN position and hold

Ahe bluer is runnIng (The sound of the bluer can be heard
pa the switch to the AUTO position.
OiUeiion exhaust valve (AST 25)

Mubction CVH-2) Is OPE, start the mn Inducicton ton 3. Reort VENTILATING' to the Chidf of the Watch.

*4all~ton exhaust CAST N6 valve Is OPEN. stert the Lu Pressure
idshift to FAST.

Order 'SECURE VENTILATING'.

as rmessary Wo snorkel wAu operation. L Have the word passed oaer the IMC. 'SECURE VENTILATING. SECURE VENTILATING'.
3. When ,ipou Is received from the Chidl of the Watch, report to the Officer of the Deck.

'SECURED VENTILATING, RECIRCULATING'.
pore Plower Is stpped, shut the outboard Induction NVH-2) &Wd 4. Report to the Diving Officer of the Watch, 'SECURED VENTILATING, RECIRCULATING'

06n exhaust valv switch In the SHUT position. When rpots are receved
!.)) control switch to CLOSED. turn off electrode heaters.

4or earcti~ons) to the Diving Officer of the Watch.

On luered r00,r 'MAST LOWERED', to tite Diving Officer

*dction fVH-31 and Inboae ventilation exhaust IAST 23) valves. 3. Repor to the Chidf of the Watch, 'SECURED VENTILATING'.
Induction CVH-2) w4d outboard ventilation exhaust CAST 24)

lisure Bluer. 4. Repor b the Chid, of the Watch. 'SECURED VENTILATING, RECIRCULATING'.
" Mito fan l6am #D

Svalve KAP 239 2. 241) 20 d 26) In the pneumatIc control

Assen for 'RECIRCULATING' In accrdenc with the
rprtothe Chidl of the Watch. ___________________________________________

ME EMRGENCY VENTILATE THE COMPARTMENT WITH THE
KE.'. or.

aENERGENCY VENTILATE TIE COMPARTMENT WITH THE

hawe reported ready, order. 'COMMENCE EMERGENCY
IESNORKELING', when uslog Diesel, or 'COMMENCE EMERGENCY

Luw Pressure Mower. _________________

pfor 'VENTILATE' If the Low Pressure Bluwer Is used. L Have appropritie wod passed war the IMC.
Sfor 'SNORKEL' iP the dlese engine Is used.

ires for 'SNORKEL' or VENTILATE' as appropriate. 2. When all reports have been received, report to the Diving Officer, 'READY TO
EMRGENCY VENTILATE THE COMPARTMENT WITH THE BLOWER IDIESEL)'. ___

~1~i~KEL' or 'VENTILATE' as appropriate.

res for 'SNORKEL' or VENTILATE' as appropriate.

aid be ready to snorkel on short notice If the Low Pressure 3.1It the diesel engine Is to be used report to the 000 as soon as the diesel
engine Is lined up..

res of the Snorkel Bill If the Diesel Engino Is to be used.

r-2 Spaces ard r ~gged for 'SNORKEL' or VENT IATE' as appropriate. 
_________________________________

,system In eccorJsnce with the com p artm ent bils. 
3. Report to Control whai the com partm ent Is rigged.

ruerdtlpoe.1 -8



Table III-A-21 Snorkel Bill GENIIAL INtf01MJ1

d Wlhen snorkeilng for an exiendid period oftimrn., the Officer dt the beck will 0 The Carln MiU.dw for snorting Is 41rteL.
mmqodrteCO2 scrubbors. the CO-H2 burners. a&d the wi~n Mleed systent d conar f WINl be Uned up In ooordmi0

seured. These qipmets shall be restarted after snorkeling and secured In d"he 111 lids,
wrnewith the ship's Air Revitalization Bll. If diesel exhaust enters the ship

shille sum eIng, boh scrubbers end both burners should be started.

Peronnel Command RaposlblK"ies I General Information -Actions IC&D -prtos

Dow L ORDER THE INDUCTION MAST RAISED

cow L OPEN THE INDUCTION MAST VENT VALVES
MAST WuKN ORDERLD BY THE DIVING OFFICER

L. If ldne condilons exist, plac the electrode
3.When orderedl, ralse the snorkel mast. En

oponed vent valves ALP-256 and 257, to allow the
wewuum In the Induction piping, prior to r$ISIfng

4. Rport when snorkel madt Indicates up.
4, Chead that the head volve OPEN iight on te.

IS d"e water.

1. Ted Ithe mast flooded Indicator.

L. With the ship at snorkel deplh, cycie head4
utilizing test button en 'Manual Erne, oenc C

9. Order the bow compartment 02 blod~

Auxilorymn L Open vent velves (ALP 2%. 25r In the MaM'.
OfW~d' without putting a vacuum.

2L When ordered drain the nast to the grmt
Prepare Be Sim~ lindluction Most Flood and Drain Volvo) to DRAIN

owd TD-M3
- __ ___ ___ ___ ___ ___ __ S. When madt Is dry shut the vent valves and 4

L. Open the Hoid Valve air supply valves MAP
Ca rl* L. Unlock the Ouitboerd induction toe fVH-8.

swordler3. Open the irbord Induction Valve VH-3). ý
5. Storldby Mart main Induction supply faN

valve Is opened

Mead L Line up the i#.da engine for startup In aU
$oer~ Operting Procedues

AuLOf ~hL Drain the are& betwen the Inboard aind WOu
Aftor Aws. opening drain valves IDSW-14 and DSW-371. W"~
Medinery volve and secure LUh drain v"ve.

2. Line up fAmpor D-3 and ventilation systes 10

3. Unlock the outboard eingine exhaust valve N41
low Direct and supervise the Engineering Spaca watches in preparation for

operations of the diesel engine and generators sot In accordance with Engineering
Departmen Operatdons Procedures and order atmwsphere control ngiipment secured
unless special irzumstances dictae atherwse __ _ _ _ _ _ _ _ _ _ _ _

Echl klp4 cmpertboet for snorkel In accordnen 1

____ 1 4



['l~ior jg s w i s Cantrel OROUINELY THE SHIP SHALL PREPARE TO SNORKEL ABOVE MO0 FEET BELOW

PWe up in am cordanc with the posted co"114eWtmM50W dr.AN

Actions IC&D operations. Inspectlons. Recorings. Etc.) Communlc*Ion Responsibilities

ýTION MAST RAISED WHEN AT SNORKEL DEPTIt 2. When satisfactory trim at snorkel depth Is obtained and the Chief of the Watch
1mm reporv all stations readly to snorkel. report to the Off ice of the Deck. 'ItADY
TO SNORKEL'.

ION MAST VENT VALVES (ALP 268 AND RAISE THE INDUCTION 5. Receive report from Auuillaryman Forwar when mast Is drained and the Vent and

11Y THE DIVING OFFICER OF THE WATCH. ACN 114 dran waves we shut.

asmist, place the sthctrode heate switches on the UCP at ON. It When all reports have been received and the abov steps have been comipletd,

sethe snorkel mast. Ensure the Auxillaryman Forward has reportIst the Diving Officer ad the Watch, 'READY TO SNORKEL'.
256S and 257, to allow the mast to raise without pulling a
penppng, prior to raising the mast.
~*lmast Indicates up. Dra~n the madt to the gravity dran system.

"M av OPEN light en thie SCP goes on when the head valve

ndicator.
4 depth, cycle head valve and check operation of electrodes

'Manual Em,~ency Close' valve when ordered by the Officer

d.Mnen 02 bInd secured.

~AP 236. 27) In the Modt Blow Line to allow the mast to raise 4. Report to the Chid f a the Watch. 'MAST IS DRY. VENT AND DRAIN VALVES SHUT'.

nIn the mast to 0he vrwh~y drain system by positioning TD-54
nDrain Velve to DRAIN and Opening draln valves TD-52

shut the vent v*Maleend dran vale.______ _ _ __ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

air suppl valve (ALP 239, 2 W,?~ *. 4L Repor to the Chid f a the Watc, 'OUTBOARD INDUCTION IN POWER INBOARD

Indutio vale N-!),chek I-*i ~u psiten.INDUCTION OPEN, NAVIGATION CENTER READY TO SNORKEL'.

Induction Valve NVH-%)

6win Induction Supply ten fan OU when tive nutb"ar Induction

L Man MA handset to receive repots from compartments for relay to the Chief of
110e WatcW

1 jlneforitartp in accordance with Engineering Department 2. Repor to Maneuvering, 'DIESEL LINED UP TO SNORKEL'.

the inboard and outboard engine exdhaust valves by 4 Repot to Maflavivrqn, 'MACHINERY-2 LMED UP TO SNORKEL'.
W-14 and DSW-3D). When dry OPEN the Inboard waud~a

"3.vntIlaIoni system in AMR 92 In acmrdah r with the

engine exhaus valive and check In POWER.
L Rapor le Control, 'ENGINEERING SPACES READY TO SNORKEL'.

wsnrkel In accordance with compartment check-Mt Ist. 2. When rigge report on JA circuit, COMPARTMENT READY TO
SN-REL.

3X Mlan JA pOwne and keep phones manned until directed by Control to secure.

111-79



Perunnil Comman lipeapndalbltie CoGneral Information Adtons CADb Operatios, I

Table III-A-21 (Concluded)
NW L Order O atheoutor Inaducton opened.

L. Commence flooding approximately 11000 pounds
cowL When orderd open the outboard Induction

L SMu Main Induction Supplj Fan Fan #1) In Fad~

Am ~d Wdh L 11low1 the ex?'sust line with air In acccormdance
Maor Opersins Procedure.

Machinevy~~~ ~~ Cemie nreink.~ h the WoAl pressure gape and continue b
KM 2 cl IN diobtes Indicating a clear exhaust line. CAUTION.

______________________________ENGINE STARTS.
Diesel L Check snorkel paei to ensure that the outboard
Gieftneria eshaw valves wre open.

2.t Press satey circuit bypass button and start the
_______________________Inglneeulng Department Operating Procok~re. I

L When the diesel Is reported ready for loadifng, (ft
____ ___ ____ ___ ____ __ _ ___ ____ ____ _ otherwise droetd by the Officer of the Deck.

low L Supervise the snorkel shutdon.
L. Compnsate the ship by pumaping approximately S.

Tanfs to wea.
cow 1. Press 'snorkel shutdown' button. Observe that

valve Is shut.
2. Shut the outboard Inductioni valve.
3. Turn head valve control switch to CLOSED. Turn .

'STRAIGHT BOARD' to Diving Officer of the Watch.
4. L "r the Snorkel Mast.

i'Nlv oienL Shut the Irbmord Induction valve NH-3) and

IL Lock shut the outboard InJkActon valve NVH-2) wheý
&. Shut the head valve control air supply valvesAP

L Secure the dlesel engine In accordance with Ej

3. Rif desel engine and associated sysems for rm
accodance with Engineering Department Operating Poe

_______________________________________________________ Maneuvering._'DIESEL SECURED'.

Au~d~wm L Shu theuIboard egn exhaus valv hen the



S(CO Operations. Inspections. Reordings. 00e. Communication Responsibilities
The Officer of the DeW shall have the word passed twice meve the late.'COMMENCE

SNORIKELING'. TI;u order will Initials the following action:

p!ýmdmaly 6.1100 pounds Into Depth Control TaI"______________________________
w otboard Induction valve. L. When snorkel valve Indication Is correct report. 'NORMAL SNORKEL BOARD'.

I. When snorl conditions ane satisfactory, order the Lee Helineman to direc ali
I mmpums* to uacure the phones.

Iwly Fan fan 41) In Fasd Speed.

with air In accordance with Efigineerlng Department 3. Inform the Diesel Engine Watch that the mast Is bleen.

0 gae and continue blowing until pressure drops and
w haust line. CAUTIOtk DO NOT SECURE BLOW UNTIL

[ensure that the outboardf findctlo'n and Inboard engine 3. When engine has been stated, report, 'DIESEL RMI.ENG' Is the Engineering
1ý , Officr of the Wactch

tes btton and start the diesl engine In accordance with .4. When the lesel Is wanne up and the breaker control Is In the 'CLOSE
haI ng- Procedure. KW'ISSIVE' position report, 'DIESEL READY FOR LOADING' to the EOOW.-

meted ready for loading. It should be loadied unless L When the diesel engine Is running, report. 'SNORKELING' to the Officer of the Deck.
jlcr of the Deck._____________________ ________

L When ordered by the Chidt of the Watch, direst all compartments to secure
their phones.

The Officer of the Deck shall have the word passed ovet the IMC. 'SECURE

shutdown. X. When report Is received from the Chidt of the Watch, report to the Officer dt the
Spumping approulmately 8,000 punds from Dept Cuatr Dell. 'SECURE FROM SNORlKELING. kCiRCULRAIIONI'.

i'button. Observe that the outboard engine eahaust S. Report, 'SNORKEL MAST IS DOWN' to the Officer of the Deck.

IL Repor to the Diving Officer of the Watch, 'SECURED FROM SNORKEL' when the
v".MVCENTER. operations Compatmnt and Maneuvering have reported secure.

switch to CLOSED. Turn off electrode heaters. Reort.
SOfficer ofthe Watch.

Pori valve N11~-3) and secure the Main Induction Supply 3. Rooort, 'OUTBOARD INDUCTION VALVE SHUT AND LOCKED. INBOARD INDUCTION
SHUT' to !ho Chidt of the Watch,

Induction valve iVH-2) when it indicates shut.

air supply valves (ALP 239, 240, 244 and 245). ________________________

In accordance with Engineering Department Operating

DMiepartment Opeatlgv ocare. Reoto

ated systems for normal submerged running In

tithaust valve when the diesel engine Is 'secured. 4. Report, 'OUTBOARD INDUCTION VALVE SHUT AND LOCKED, INBCARD ENGINE
eng~e e~~ait vave ater t Idicaes SUT.EXHAUST VALVE SHUT. RECIRCULATING'.

Recirculate.

L Whewi all repots are recolve4 report to Control. 'ENGINEERING SPACES
SECURED FROM SNORKEL'. _____________

Compartment Watches; shall report when rigged for sniorkeal L fllow

Torleaf Roam Watch JA Control Center
Duty C"Mlaessman JA Conrold Center
JAissla Control Centier Watch JA Conrold Cedaer
Uvsnch Operations Station Watch JA Controi Certer
AuilIdary Machinery Room 01 Watch JA Maneuvering Room
Millilaryman Aft 2jV Maneuvering Room
Diesel Geneqato Watch 21V Maeuvir~ring R"~o
[%GIn@ Room SupPMvSW 2JV Maneuverng Romn
Eletric Plant rortrol Panel Watch 2JV EOOW
Er4ng'neng Officer of the Watch JA Contral Cantor

- ~ ~ ~..........
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Toa.'' .TTI-A-22 Battle Bill GUM. lINatifIO

aEMs pelmay misai d the ship Is to daliver, When Grad, &IIISI missile SAIN
dAso Wind assigned 6"ris All other assIpnedl tasks, are secendary. The Battle * [nn o
wIis higne bo prvid the mad effective orlianization for conucingl ballistic EvneigWthSprio
saidle Sleeks with concurrent resines ts employ the torpedo bWeary for sell dfNse.Eniergflh uptsr
IositaSfen Nt provdes the most affective organization Wa delivering a toiliee attack Engine Room Supervisor
It thd undonIw asUPrlinary. Engine Roam Upper Level Watch

I* The DMle Sill will be implemented for ali missile launch operations, actual or Engine Roam Lwpe Leve Watch (hn akr
soMulte and for toredo firing operations. conducted concurrently with or uprtl Engine Roam Lower Level Watch (hn akr
tem missile Stack operations. Emegertecy Propulsion Motor Operator

d~whe t B leli mqj be ImplemeNte when snitlmons Ssecild heard to the ship. Audhiaryman of the Watch Aft
ed rwe forseen. Engine Room Aft Watch

$1110s Plan Gauge Board
0 Seb Organzation INe,' the Battle Dill Is imptamented the foiloing stations, Engineering IA Technicians
a be manned by personnel dsignated In the Witch, Quarter and Station Sill. Adir lcrca f

mTATa CCWINICATION CIRCUIT MANNED i Audhllary Machinery Pam Nto. I
AMR91 Watch

(11 DecklRm*AR11Ue Level (Hoverng) Watch

=Covi~111 W rLewdl Watch

KFMissile Compensation Panel Operator 1111C w SytmGueBrWac
dhsilaryman teWac Forward

Au lyElectrician Forward M Reactor Compartment Tunnel

SIBM Glass Watch

Lee~~~ NemsavIigaion Party, Nalgaton Canter
flrVW Operator1
Peisop Assistant Nevigator

Sa tatus Board Operaor emJ Navigation Electronics Chief
Peiscp Camerafraps Recoder Cparatorllos Navigation Console Operiou
Telephone Talker JA Loran C Operator

(esne Lee H~elm) -3Q ) Fathomoter Operato

CurrneZsOIer Ma be int Ralce orIb~NS Cne Technician

Querlermeter~o CetntWatheiN Technician

Cmomunications Supervisor

R~dOI lait ontro Pane Operator14 C coutGroup Operator

Eledlcd Plant Control Panel Operator OCompulr Group Operator
Slam Plait-Control P"ne Operator U11ulle Test and Realiness, Equipment 57 Operator
Telewon Talker rZN SuIsi Test and Realiness, Equipoent fl Operato
SeA Rowder JA

Nif mallWnned for Sitle Station S

sm I-o at tin

ftrsnncf Comfman Ruspensibilitles I Genrwal information Actions ICCO Operations, I nsPod

0DD L Sound the General Alarm.
C orint h quiet and expeditious manning I

to CmesedingOfticr when manned.

------------ AL~La~kL2AA



ta INFOOITION

UW101CATION CIRCUIT MANNED STATION COMUNICATION CIRCUIT MANNIED
* Wasik Coaie"maritm

-Supervisor *1111sll Launch Oftier ISjC
Mur M2811 Launch SdpeViso YAM

Leve Watch Laundhe Control Pane #I Operator
Luel Watch lPhone Tlker) liv *Lirwnce Central P"ne @2 Cperator
Level Watch Vowe Level Missile Contro Team #1 0) xCi
(mtvl Watch (Phwn Talkerl ZV UWw Lavel Missile Control Team #2 (3) X4.1
kiMotor Operato JA Linr Level Missile Control Tern #1 Q~) X3iI

kWatch Aft s9aer Levs-'Missile Control Team 02 (2) X81
kkh -OPWi Algnment Group operator X3

~krd *Optled AlIgnment Group Operator Assistant
pnkhlans OFIre Control Switchboard Operator X43.1

Aft #AMd Level virelr Watch Phone Talker JA

1111 Attac Center
fftverng) Watch JA MK 113 Analyzer Operator

RomN.2MK 113 Position Keeper Operator GUS
MK 113 Firing Panel Operator tip
MK 113 Torpoda Ccntrol Console (MK 6 only)

Owe Tolker 2N Fine Control Co-oinior *US

Flas b~oring viaor ~I
SudW ath IN 

TW* Bearing Plotter

nun naiOeographic Plol Evaluator
am Geographic Plotter

TimeROMPlater s
Center Contact Evaluation Filter

Chied 0 ToL"d Room

rrator **Torpedo Officer
Torpedo Llaunch Supervisor

**Torp*d Tube Operator I1)
NC Torpedo Room Phone Talker JA

011chniclan .R"~a party WI
Terped Fire Control Phone Tallow sip

mcmSwSupervisor 61IS

YAM 3 8Q1-4 operator
AW X3.13Q"4 Openrato

or_ 

IQ-2 Ope rato r

veu Equipment #7 Operato X13J 1. lamp control Party
ness Equipment 06 Operator X43.1

fw Wi Feur Party. Crew's Mess
PtyOfficer In Char"e:

Telephorm Talker J
MaIcal Officer

N annedo for Watk Stations TorPad Ratings Assigned

Ad sined for Botte Stations Missile 48 Afte Party, Engine Room
POtt Officer In Charge
7640w.-, aldker JA
HPOW~t Corpsman

ActIons ICID Operations, Inspections. Recordngs, Etc.) Communication Resonsibilities

X pss he ordan he MC.MAN BATTLE STATIONS, MISSILE for TORPEDO)'



Peruennhl Comman ReaponllIMIeS I Genera Information Actions IC&D Operations, I
When Implementing the Battle mill for to

Table 1T.T.A-22 (Continued) lanc ingad until relloied dt the C014N by t'tw1h

L Maneuver the ship to avold detection. riggil
Cesitien If reqired.

V .L [nusur the tracning at ship contacts end
_______ ______________Sonar Coordintors.

Ama ~L Coorminate the use of sonar search eup
L. Dived the preparation of the torpedo:battery

Designate tube firing order and ejection
Select opimum modes for the torped to be

functions be set In the firing Andi.
When dnetd, order tubes mae& read.
When dnetd,4 order outer door opened an
When directed to comments friring

Order, 'STAND BY TUBE___
Order, 'MATCH BEARING AND 514001 II
Determine optimum deflection angle and

_______TARGET SPEED MATCH BEARING Aft
Fire Cultrul L. S4pefivse the operation of the Firing Piww. L Olmrse the Position Keeper to dwtermine

leape X. When directed to, -MATCH BEARING AND
Operator Into potition kaepe and report 'SET, to Weeons

FIG. Col"re Diermine opimum deflection angles and

Sew rPid L Supervise the sonar plotting party to *Ain
Ceminater raNe, bearing rate, range rate, course, speed

- L~ Pbwide target infomation to position Keeper
FiLn Man etitings i irected by the Attad C

2. Man SIP phone circuit between Attack C&
prpepratin anid firing of torpdo tubes.

E. nsure correct settings made on torpedo thr
VAMeno Panel Operto.

IL Upon recawivne 'TUBE __READY IN ALL~
supervisor.

Ensuvo linear and angular spread kno

Positio Firing Tube Select SwIthch Ilto
Cheak firing Interlocksclsdkh01'

Chek fi ingIterlck Closed light Is l
1. When drected to 'MATCH BEARING AND SHI

Genewtd or ordered gyr anigle Is set In

- ~~Posoitin Kaeper Operator repors, ISMT.
ImpdeL When directed mahready designated tubes I

LanhepertmantiOperating Procettjre.m l wq

WallisL When directed by the Firing Panei Opeatrd

I" Turn on Tube Warm-up Swltrhi for deulp
DoIdur Maniker Error and Limit in dI~ions aid

aiver, N any. to Firing Panel Operato andi
Monitor 'FLOOD TUBE: 'OPE4 PODR% -$I

WIriedon and orders to Torpei-o Lbunch Suo
When 'STAND BY' Indicator Is lighted 1

repeat, the SIP Phone Talker wiil report 'Sip

If tube folks to fire of If 'INEX To F IR'IV
reason, idorm Firing Panel Operator and to



Ions C00 Operations, inspections, Recondings, 00i COMMUni^Aion Responsibilities

V4g the Battle Bill for torpedo firing, not concurrent with Missile
Ptuea at the CONN by Itt" Commundinil Officer the Office d

bto avoid detection, r"iggng for ippropriate SilWn Running

of ship contacts and provide target Information to Aftai~k &nd

of a sonar search equipment and fire control party traicing.
Won of the torpedo battery for firing as follows:
Ping order and ejection method.
Wads for the torpedo to be employed an direc that necessary
0 firing panel.
ader tubes made reaa.
ýIdr outer door opened on first tube to be fired.
icommence firing:

IBY TUBE
il BEARING AND SHOOT, N firing with generated gyro &nI;% or,

Ilurn deflection angle and order 'SET ADS __jRNG._
MATCH BEARING AND SHOOT'.

WoeeoW Im determine and maintain the best target Solution.
'MATCH BEARING AND SHOOT.' sat accurate sonar bearing

ireport'ISET' to Weapon& Order Generator Operator.

dolIsotion angles and advise Attack Coodnior.

ýor plotting paity to obtain best solution of target bearing.
lnerate. course, spe and target 2igs

e~to sposition Kaeper Operator and Attack Coordinator.
drected by' !he Attack Coordinator. 4. Ensure correct ballistic settings for tube loade torpedoes set in the MK113

6rcult between Attack Center and Torpedo Roon, for the Fr oto ytm
dt lofpedo tubes. 5. When Erected, order Torpedo Room lo:

Mkngs mae* on torpedo throgh coordination with the Wtepon 'MAKE READY TUBE(S)
r.'FLOOD TUBE___

READY IN ALL RESPECTS' from the Torpeft Launch. DIOnR ORONTB

wet agula spread knobs on mer unless spred Is desin 'STAND BY TUIK
ITube Seacte SwIthch to desired tube.

t~dsclosed light 'ON'.
klyto STAND BY'.

A Wsclosed light Is fleshingl.
'MATCH BEARING AND SHOOT', close firing key on *einated

gyro angle Is set In the torpsd.
Operator reports. 'SET'.

ready, deinatded tubes In accordance with Wiepons
rae.

ion of the MIK It Weepon Monito Panel.
torpedo reload when ordered.

the Firing Panel Operator to 'MAKE READY' a specific tubas
Warm-up Switch fo desinatd tubiL
and Limit Indications and reood function and magnitude of
ring Panel Operator &Wd Torpedo Launch Supervisor.
TUBE: 'OPEN DOOR, 'SIAND BYr, and 'FIRE', l4ighs, relaying

to Torped Launch Supervisor.
or Indicator is lighted and the Torpedo Launch Supervisor so

Talker will report 'STANDING BY TUBE

'fire or If 'INEW TO FIRE' sequencing does net occur for any
Pane Operator and depress 'TUBE FIRED' buttion when ordee._________________________________________

111-82



PesadCommaind Responsibilitieos I General infermation Actions IC&D Operations, Inspecti
CO L Assuame the CONK.

Table ILZT-A-22 (Concluded) 3. Nied the Divng 0111 to ICWIM NCE4. Maintain Gredf control of missile laturwhing
A11114 L Wase the Commarngn Officer conc~erningCeee~mL We. As~the Commanding Officer In the diredt

tirfmiql him dl schedlfied times ava~labie lfoor mml

3. Cesdriftl missible aunching procedures. an

The selection and resetting of MASTER SINS.'
The bed fire order sequence. Inctudingo ravel

%%msdfrng target priorities.

The passing dl timely Information to the MOW
pitolems or other difficulties affecting latunching

L4L $eWvlsC the preparation of pod-launch rWW
5. hlred Urgent dimage control menures.
L As precticable. -non the IOJC drcuit to V%

00U L VManue the ship to pt roce to missile lau

z. Slow the ship as necssay to odin minimu.
Oinq Wlilcer 1a; 'PREPARE To HWVER'.

3. Ensure the trackting of ship contacts and
___________ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w ___________________________________________ udSaner Coordinators.

L ttian a minimumr !"ua trim d missile iaurd

4. When directed to commence hovering, order
ePnei eW employ, the depth control equipment to
bunch depth. Kemp the Commanding Officer a&4
maintaining depth.

S. Waen actual missile launches are to be
____ __ ___________________________________________ Coumpensating Panel Operator to 'LINE UP THE MIS

flS'S~odS'L Supervise the readiness #or implemoenting tipdefring prcaodre. ensuring: hnodrdt reat oeln

L. When directed, opaen the hovering system so
____ ___ ____ ___ ____ ___ ___ ____ ___ ____ ___ ___3. Operate trim system a directed by the Diving4

NeelWe L Determine the action required within the W
best positimn and heading fta to the missile lir 0

3. With the appove ol the Attack Coordinatoran
Offce aased, initiate required action to correcj

Flee Ce*el L infitiat sdes 110 sat CONDITION ISO utilizlr the Weeponis P rechimdurs

Sueeser NVdbC 03 L Coriaethe quiet. expeditious manning of

Coarty persnnel and report Missile Party manned Wo
OMW2. Ilieon iracted to sat CONDITION ISO, superid

rdere condition within the msissile and fire control
vfth Weepin Procedures dl NAVORD OD00308.

____ ___ ___ ___ ____ ___ ___ ___ ____ ___ ___ ___ 3. RWA atny difficulty encountered mid recommat

'WF AW -. When directed by the Diving Olficer, for actd
C40wUdwnU the Missile Compensating System In accordance wE

L. Maneuver the ship to lam optimum firing

3. olrqd llues ,AaF reely #or firing.A
k. Dirert torped tbe outer door opened.

_______ S.Dindc firing of torpedoes.



I, x W. w .

MISSILE LAZIWHIN

Ts iCao Operations. Inspections, Recordings, ft)i Communication Resposibilities

=aI4 L iWIs the Word passed on the lOJC. 'SET CONDITION ISQ.' FOR WSRTI.

Mng Marw 1* 'COtMIENCE HOVERING'.
id control of missile launching.____________ _______________

*wwanng Officer concirning the missile launch irectiv.
"~mending Officer In the irect control of missile launching.
,,Sche*aled times available for missile lucig
ilss1!e launching procedures, ensuring
0 and resetting of MASTER SINS.

Srdrsequence. Including revisions for casualues and
Spriorities.
hItimely Informaion to the Missile Party concerning ship conrold
d iffaiclties affecting launching.

h~preueration of post-launich radio reports.
Sdomqe contol measures.
0,man the IOJC circuit to the periscope centor. _ _ _ __ _ _ _ _ _ _ _ _ _ _

Sship to proceed to missile launch depth and optimum heading.
op as necessary to obtin minimum speed trim and direct the
.$PREPARE TO HOVER'.
bacltng of Ship contacts and provde target infermaleon to Attack
Oftors. I-I

to comncew hovering, order the hoveing system see valve TOHOE.
ti the depth control equipment to maint&n the ship at missile 3. When In all raspects reedy, report 'READY TO HOVER' lo the Canmending

bepthe Commanding Officer adeised of difficulties encountered In Office.

~ issile launches are to be conducted. direct the BCP Missile
Operator to 'LINE UP THE MISSILE COMPENSATING SYSTEM'. ___________________________________

Io prepere lo hove, line up hovering system for operation.

sytmas directed! by the Diving Oifficer. 1
action required within the Natiaion subsystem to provide the L. Adds*e the Altaed Coordinator of systemn status and recommended action.

Ian datof temsiefr oto ytm 4L lopot, 'NAVIGATION SYSTEM READY' on the ACIP by IDJC phone to the
ol the Atack Coordinator and keeping the Missile Control I lek ntr

I orequired actio to correct positon and heading die _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

qu ilet, twpitious manning of Battl Stationt by Missile
~wdrepWr MIs~lle Party mannid to the periscope center.

to sat CONDITION ISQ, supervise the expeditious selling of Or-
wIthn the missile mrid fire control subsystems in accrvden

reu 0 NAVORD 00 83W.
NY encountered and recommended corrective action. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

04teDv0 fier wata snh prlnoes L Tat communications with Launcher and report 'MANND AND READY- to the
Ing System in acmrdance with Wavns Procedures al Chid d th Watch.

I. Nowt difficulties encountered In compensating systaem aoeriom to the Divng
Officer anod the Missie Launch Supervsor.

TORPEDO FIRIN7GI

ship to attei optimum firing position.
wale re*~ Win firing.

h outer door opene&

0 1 to p ed e e .



Table IIl-A -2 3 General Emrergency Bill GEM IWMATION

* In 9eeal, aimprenius or cusual~tles thall be caulI-es shall he cdgolzed * It Is Importint to remember that a '4btand'r~
u Owb~rnng ipesemegenc. Acualemerences are unoredictable uifa

L General Emetlency - Emergency Ship rinvry. Fire, high rajation In treounui-';ý and unpianned for element The emergeI)~ ~ ý -, I on.c XapSSIVe datense, toredo emergency, major primary Coolant leek high "i 1prilemi 3nW minimize the prcblIty of compoundil
rag"e In engineering spaces. ft w~lacIlCy successfully requires the exercisa of

coordnoed @1WU in r ntsiligent manner.
2. CQNisinIloong Emergency -Collision Is Immineri has occurred or a

fledq casualty has occurred 4brs

3. fw M Emtigincy- Aojorsts Mw fols qalarmn so Ihale used to signal the'
4. #MJssII Emergency - A potential or actual major casualty to a missik or

ini* sysla which endongers personnel or hazards the ship eo! vital equipment. "

II Ship or Department Bills and Casu~lty Procadures shill set forth the crew Sitme
actim l be taken undereach cf 'he aforementioned omeiiencies. In xwt~on, a Alam Centrol Station Lever
=mqeirltoent check-Off shall be posted In each compartment rating thtý Edidn to be Colso lm(aiu cbnrs) Siren
blien In that compartment in %he event of each emergency and in accordance witht
thm puedaures and guidance given in the SS0AM for that bill. o

The Officer charged with the responsibility for the particular emergency bill Is WisolS' FmewWnct aourcher Fasd
reeponslbl for maintakiing the corresponding compartmenit check-offs. hpt

dl The general concept di treatng imergencies Is to immediately take thoue Si eA mControl center a) Gomp TI adlens which will enhance the ability of the ship to minimize the t'ffects of the (e
emesrgency. Actions which are common to all einergencies include establistdirg
ammmnicallons, getting sufficient qualified people to the scene, and securing non-
esseial evolutions, particularly those which are potentially hazardous and could
Vheraloe compound the casualty. The emergency bills have been written as though the poor Plant Maneuviering Room siowe
ship is submerged at the time the emergency occurs, If thi? shin is artuallv surfaced b.vE*, cy Alarm control Cene (pinksT1
certain dtews such as those pertaining io depth control, iire obviously o'r.Ated.

000 6. When relteed of the Conn by the Commandring Office., acd a s larI't to the Z. Issue ship cont.-ol orders as nwesar lol

r4 In caso of a Propulsion Plitd Casualty. 11,IstolycnOth ship.

Nsubmergied bMow 120 feet proceed to 10
proceed 0 P to sn'orkel depth oi surface 60

emergency Is sch that snot baling or ventilating 0
NE4. go prepare to suracor go doep when "ordrt L Immediately take appropriate action as

2. Somm se mutaing and ventilating.
I~ Shut ouboerd and intoqrt' inductions aM'1

_______ ________________________________________________ securinli SNORKELINGNVENTILATIOC'N
CW 2. Supervise handing of the emergencyfIrm Control until 70.efW hy ~an afficer. 3. Ensure JA phones are manned in control I

______ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ toMain the phones.

Tabe chars. of the emeorgen~cy and superwisei
of the Engineer Officer. (Oue to the locati on i
"rIinal action to combt the tmergecy Mall be

0O a sitol marry out th ie dtcobtheo

Ceitrol M the 1MC of the casualty and of the III
L. For any shl~ourd uer
Secure the battery charge KIn rges

ewmre the diesel engina. Consideration r%,
uut~tutie ineup.

SheA the v~cwrd and I~ oe'desel extiftil
Mocy the electrical plant In the moad secure

________ ________________________________________________________ Wsadik PLwit Manuaw.

E00AWL Proeeto the scene d thecasualtyto10
__ _ __ _ __ _ __ _ __ _ __ _ the emergency. _ _ _ _

IEUngineei L It the casualty Is In the EngineeringSe
offi2. If thn comity Is In any other space proi

________JA phories and &red the ovrall operation of sht



9 BOAL lWFOLUION

rcawmber that a 'standard' solution Is not posssible for an 0 Owlp ControlPat Oqanizalln.

6 encies are unpredictable and usually Introduce swuLomeafr 
h otrlo aaeo umrieI v~ a l ad

reursthe exersseit of compounding the prblm Cobttn w ergec tilrn immediate action to bring it under control and minimize damage.reursteexrieo ugeetadte plcto Ad*Wioaly, in order to ensure the Immediate presence of wupport personnel whoseintelligent manr h JI; 1 and training will be valuable if. the control of damage, two highly trained
image control parties will be organized

2. Otgakzalon. Tho Dwmage Control Party shall be so organized thet any~
~rsshall be used to signal the lnic*Wsmod rgency. emergen can be ellotivelly combatted by tOe personnel designatedt, When at Battle

Idenification Stations or when any smrgenc alarm Is sounded, the designated members of the
bo~41110mage control parties will proceed as folloes At Battle Stations, the Forward Damage Control

Paw Ill muster In the crew's diatte, and the Aftar flarare Control Party w11l muster Inbhepo of contactor -

Control Station Lever Arm _ Emergency Used for AMR &e

(Vnoiu~s locatlons) Siren Collision or
Red star shaped Flooding

LaunherFast Jump Tome Missile Emorgenicy
(~Oang, Z'mind

Control ceater el Gong Tome Fire, General
(Yellow, round Emrs~eygn, Passive,
Shapei Defenisive, Thxlc Us.

Bale S1191io3,
Meneuvaing Rnom Slow Jump Torne Major Stoaw Leak
Cntrol Center (Pink Tea Shapai

ý'Actlons (CD CGperatlons, Inspections, Remrdings, Elc.) ICommun~callon Responsibilities________jcontrol ardert as necessary to mInIm,~lz the effect of the emergency. I L Have the nature and location of the emergency passed once over the PAC
*Propul~sion P'f*r Casual1Yr reduce speed to the minimum required thw sound the appropriate alarm (for all emergencies except Missile Emergency), and
ship. theun pass the nature and location of the emergencil once over the IMC.
beow I20 fedl procee to 120 fowl changing speed &4 app.,vwulate. I 3. NO*y ships In the vidnity of the emergncy, as nmcasaly.

to snorkel depth or surfmac me*Wtou*i If the nature .# the
that snorkellig or 'ec~tilating wfig be necessary.

Like appropriate action as necessary to moint~n ordere depth

Ing and vintiildng.
and Inboard Inductions and ventliation e1ajdw va"e alter

E1JTILATIOt4
p11hones are manned In Control until the designated officer arrives

the emergency and supervise control ol damage until the arrival L. For aineencls In EngIneeing Compartmenits(Due to the location of the Engineering Compai'tmsieus, the lIfthe Initial report Is receha In Maneuverlng fromp one of the engineering
.~igthe emergency 041al be taken by the men Mn "atch In the wath Astaions, the WOOW first repeals the Information once on the VAC then relays

the emeorgency report to Coruru via the rrAC or 21JV.C. 'Ohe EOOW should decilde on
1ho san the Dammap Control Party hota the afteded compartment the basis df the circumstances whether urge My demands that he Initiate activation of
r Is needed to combat the casualty. either the Collision Alarm or the poer plant casualty alarm. (I.e. flooding or major

casultis suh e a rato scrm, ess f lbe ol, tc.,~hestem leek). It so, the E00W should announce the naturw of the casualty once over
casualthes apichl Eninee rig scramulty Poeduresol adr- s hal ci the IMC before activating the alarm In accordance Alt. standard procedures. When.outteapial niern astt rcdrsadsal*f a locally activated alarm cycle her ceased Control stauld again pass the word on theatthe casualty and of the limitation Imposed on the power plant. nilure of the casualty avar the IMC to ensure tAi the entire ship has bean informed.

fdUUU~aK~f: Wels Control on requirements for Enejincy Ventilation, pumping, etc., when

ry charge HIt n progress. lop OP AK
engIne. Consideration must be given to the exidtitng ele~rlcal

rd and lr~ooard dessell exhaust valves when the desel Is secured
cat plant In the most seure lineup In iccrdance with the

the sceneof the casually b be Irkchap of and coorinelitcombating 2. KeeptheCommandingOff Icer andOffier of t Doeck nfrwmad ofall major developments.

Is In the Engineering Spame proee b the scenes.
Is in any other space proceed to the Control Room, ma,~ the

the overall operation of ships equipment to NOs control the cm:-iny._______________________________

j11-4



Table I1.i-A-23 (Concluded)

PeceadComman Reesonslbllltie. I General Information Actions ICUO Operaions'.
10111011191111L Proced la the Missile CmarfttManfVr

Oamer dh any emergenicy action roquired In
______________________________ 2 The Asitlstant Weqios Officer stwll

EhiUI~ L Proce to the cene aMdassistd

2.dilot Insure ios Eleo personmnel.Who"I

wil.~ Infro f the steriatuffces on tdhe i

Neelgier~~Ai L roteedg 13S thmastoksn.ran ms

- vd o h tratentd:a g Injured

M~diL P. ~eto the serdne anms the shp l

L insure that afetive commanadfigOnsce

4 fthe eWmerecy Ofie In ch tan wtchet

iiteo e DuringPouso cAssta~elnert cls.
MV1111WOW wLl Proceed to% the Control Cneter and mm

formheanginee Officer~andg Officr al thAs.I.

2. Foiwmn thie saunng of ~watrih boraoq

Wsh~ dl wltee A". 61c
Asaiant4. ire ct athen opeircat ion othship'es u
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Actions IC&D Operations. Inspections. Recordings. BcO-) Comfmunicaion Responsibilities
0e MissIe Coaspartmentlrropodo Room and advlse the Officer of
%orncy acion required in that compartment.
SWespons Officer shot! assist the Weaons Officer. ________________________________________

; rwsMess and keep thn Commanding Officer Informed di
b t personnel. When indicated, theo Medical Officer or Corpsman
th status of the atmosphere in the affected compartment and

00 to the Commanding Officer concerning the use of Emergency
ý Oasks.

Ow treatment of injured personnel. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

hescene mid assist the Excutive Officer In combatting the

4fietllw communications are exialisheal t o' cne of the

ftel Officer Is on watch the aboe dutles h' 'e perlonwe by
SAssistprnt. _______

F Conrol Center and man the JA mas 'eto ad as a back-up
v;Damaoe Control Assistant In Control.

-Li0tting of watertight doors. Isolation of equipment or systems. L If the emergency IS In the Engineeing Spaces proceed to the Control Center,
WILmaen Owe JA phones and direct the overall operation di ship's.equipment to beid cmtrdi

jeric of the ship's ventillmsion system such that the wpeeding th OMW enilKY.
is minimized. L Keep the Commainding Officer Informed of all significant developmentrs and

I'Uo Coeamaing Wicer arx. fie Offiker uiVwG~ r __ dom iuspected or antticipated damage to the ship's systMs.

Iec s In other then the Engineering Spaces,.rce to the
Executive Officer.

Lag pecficiiyassineddutes erei shll roced t th DaageL The first and primary duty of the man discovering any casualty Is to Inform
areas or to appropriate departmental spaces which moý be the appropriat control station - Control Center. Maneuvering Room, or Launcher -

Icy, take charge of emergency oction, and render all pczsible of the emergency and location via voice, MC. or sound powered phone. He must
cosuatrieikmergencles in the Engineering Spaces a qualified al oosred the alarm by word of mouth in the affected compartment.

th Coio ntr and monitor th the Docssstth Man designated phone circuit In the below listed locations. Maintain silence
~ an Offcerdi te DoILon the circuit except when originating information concerning the emergency. All

sounding of any emergency alarm, ALL. HANS shall stAion shell report rigged for emergency only when ordered by the cont.-oling sta-
the foliowing actions and then follo the provisions of the tim Ensure that phones are manned by personnel qualified In accordance with the
that eciergency: Sulsairine Interior Communications Manual.

flaPPers.
mietieirculation blowers, andi prwcipit~ans aspt ior Nav~enb STATION CLRCUIT CONETROLLING STATION

and AMR02 fans unless the casuaWn Lý in one di those Torpeldo bon LA control CenterF ~o Into the ship. Control Center LA Canrol Center

"as, ncluf ~ime brdg hatch.atio Centier LA Control Center

" I Cm's Mass LA Centroll Center
IU FLOODING - Shut and dep all watafth dam an d~ Crew's Living Space JA Control Center

~AIGEdCIS ifssile Control Cutente A CWntro Cutter
tIro IS- Watorl~gnt doors will be placed an the latch until Launch Operations Station LA Centrol Center
ln ithe c~suity is determined. Doors may then be opened AZ~U ~iW~Ro i 2VMnueigRo

r ontq Party io the scene on the orders from senior motnAuiarMchnyRom# V rningom
rc:Auxiliary Ma.-hinery koom #2 2JV Manuvering Room

anIn each compah1ment Is In charge of that compatment. It Engine Room Upper Level 2IV Maneuvering Room
the senior man on the scene make both his presenice and the MEaneveing ROM ZjV Maneuveringf Room
a known to all others on the scene. The senior man In the LA Control Center

tshall evacuate all unnecessary personnel and ensure sound

matnsed at the %cene as soon as possible. The senior man in Maneuvering shall report to the Control Center via JA phone for the
Iament is responsible for moving damage control equipment Eninering Compartments.

the casualty as prescribed and required.
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B. TECHNOLOGY ANALYSES

1 . Design Approach

Using current submarine design concepts and approaches, we determined
basic equipment and crew functions required for its operation. Cur-
rent systems/functions (referred to as elemerts) and crew members
were grouped within 10 subsystems in order to aid in the systems
analysis. Reorganization of watchstander functions was sometimes
necessary. Table III-B-1 illustrates the grouping of the major
elements within the 10 subsystems. Table III-B-2: 'Iustrates the
grouping of the normal underway watchstanders within the A0 sub-
systems. It is acknowledged that there must be some redistribution
of watchstander duties along with any increase in mechanization and
decrease in available watchstanders.

Figure III-B-I shows a flow diagram to illustrate the basic approach
applied to optimize the operation of the elements of each subsystem.
This design approach was applied to individual subsystem elements to
independently predict each subsystem's contribution to integrated
ship operation.

The design approach, developed from our functional analysis of
current submarines, waf used to determine what criteria are import-
ant to the design and utilization of submarines. These "selection
criteria" became an input to a matrix to determine the optimumdesign of the new generation submarine.

The functional analysis of the baseline submarine further disclosed ]
that a vast amount of system control was perfcrmed manually. Our
aerospace experience has shown that mechanization of mundane tasksimproves operation and increases system efficiency.

2. Selection Criteria

The Selection Criteria were developed to enumerate those factors
essential to submarine design and operation. We have strived to
pick those criteria that can best be used to evaluate the effect
of individual element change on the impact of submarine operation.
Five primary selection criteria were defined: (1) decreased cost;
(2) increased availability; (3) reduced crew size; (4) increased
survivability; and (5) increased operability. These five selection
criteria and the subfactors defining the criteria are shown in
Table III-B-3.
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Table III-B-1 Elements Grouping Within Subsystems

*SHIP CONTROL SUBSYSTEM ELEMENTS ENGINEERING SUBSYSTEM ELEMENTS

1. Submerging(Cnnud
2. oralSuracng15. Fresh Water Drain System Control

K 3. Emegeny Srfaing16. Main Propulsion Turbines

4. Alternate Surfacing (low pressure blow) 17. Clutch Control

5. Trim and Buoyancy 18. Emergency Propulsion Motor
Control

j. Main Drain System 1. SatSa

7. uxiiar DainSysem20. Lube Oil (Main, Shaft, SSTG)
8. Hovering Capa~flity 21. Ship Service Turbine Generator

9. teeingConrol22. Ship Service Motor Generator
10. Depth Control Control

1.Depth Sensing 23. Diesel Engine Control
1.Rig for Dive/Surface 24. Diesel Generator Control
1.Propulsion Mode 25. Battery Monitoring

1.Propulsion Speed 2.Main Electrical Distribution

1.Casualty ActionsCotl
27. Secondary Propulsion Motor

ENGINEERING SUBSYSTEM ELEMENTS Control

1. Steam Generator Water Level Control 28. Turbine Jacking Gears

2. High Pressure Drain System Control 29. Lube Oil Transfer.

3. Chemical Sampling and Analysis 30. Casualty Actions

4. Auxiliary Fresh Water System Control AUIARSBYTEE!MNT

5. Makeup Feed Control1. ArCnioig

6. ainFee SytemConrol2. Hiqh Pressure Air Compressors

Auxliry tem Cntol3. Hydraulic Plant Control
8. Sea Water Cooling Control 4 ergrto ln

k 9 Tubin Glnd eal5. High.Pressure Air System
r -~~~ 10. Condensate System Control 6 o rsueArSse

11. Hot Well Level Control 7. Evaporator Control
12. Low Pressure Drain System Control 8 itligUi oto

13. AirEjetorConrol9. Air Conditioning Cooling Water
14. Main Steam System Control10 CotlAi Copesr
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(. , Table III-B-i (Continued)

AUXILIARY SUBSYSTEM ELEMENTS EXTERNAL COMMUNICATIONS SUBSYSTEM
(Continued) ELEMENTS (Continued)

11. Electronic Equipment Cooling 13. Entertainment Receiver

12. Air Conditioning Chill Water 14. Antenna Performance Monitoring

13. Fuel Oil and Compensating Water SONAR-ECM SUBSYSTEM ELEMENTS

14. Anchor Release 1. Passive Sonar (Conformal Array)

15. Windlass .and Capstan 2. Active Sonar

NAVIGATION SUBSYSTEM ELEMENTS 3. Passive Sonar (Cylindrical Array)

1. Gyro Compass 4. Passive Sonar (Narrow Frequency

2. Dead Reconing Analyzer Indicator Band)

r 3. Electromagnetic Log 5. Passive Sonar (Trailing Array)

4. Central Navigation Computer 6. Passive Sonar (Overhead Array)
•. 7. Sonar Performance Computer :•

5. Satellite Navigation Fix Capability 7m
i) 8. Fathometer •6. Radio Navigation Fix Capability 8o
7 9. Underwater Telephone •
'. Inertial Navigation System 10. Sound-Velocity Profile Deter- :

( ~~8. Navigation Control* Console 1.~~lct rfl ee--
9. Ocean Bottom Navigation Fix Capability 11 Sonar ECM

10. Periscope Optics 12. Sonar Contact Classification

EXTERNAL COMMUNICATIONS SUBSYSTEM ELEMENTS 13. Sonar Parameter Identification

1. MF/HF Transmitter (Signal Modulation) .,
2. UHF Transceiver 14. Radar
3. MF/HF Transceiver 15. ECM

4. VLF Receivers 16. Electronic Identification

5. MF/HF Receivers 17. Microwave Intercept .,eceiver

6 b. Teletype Equipment 18. ECM Contact Classification

S7. Security Equipment 19. Sonar and ECM Antenna Control

8. Radio Telephone 20. Sonar Trailing Array Control

9. Multicoupler 21. Sonar Array Perfermance Moni-

10. MF/HF/UHF Antennd Control toring

11. Emergency Antenna Control

12. VLF Antenna Control
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Table III-B-i (Concluded)

DEFENSIVE WEAPONS SUBSYSTEM ELEMENTS CASUALTY AND DAMAGE CONTROL SUBSYSTEMii• ELEMENTSl
1. Torpedo Tube Operation
! 2. Torpedo Loading. Emergency Lighting

3. Torpedo Firing 2. Hydrogen Detectors

4. Signal Ejector Loading 3. Watertight Doors

5. Signal Ejector Firing 4. Radiation Detection (Status and
Survey)

6. Target Motion Determination 5. Ship Casualty Message Release

7. Torpedo Input Selection 6. Casualty Alarms

STRATEGIC WEAPONS SUBSYSTEM ELEMENTS 7. Ship Control Casualty Detection

1. Missile Tube Operation 8. Casualty Response
i 2. Missile Tube Pressure Control 9. Solution Eva!uation

3. Missile Gas System 10. Smoke Detection

4. Missile Launch Compensation

5. Missile Tube Hydraulics

6. Missile Tube Humidity Control

7. Missile Tube Temperature Control

8. Missile Launch Preparation

9. Missile Launch Initiation

HABITABILITY SUBSYSTEM ELEMENTS

1. Ventilation System
S2. Compartment Recirculation Fans

S3. C02 Scrubber Control

S4. 02 Generator Control

CO/H2 Burner Control
6. 02 System Control

7. Potable Water System

8. Plumbing-Sanitary Tanks

9. Temperature and Humidity Control

10. Trash Disposal
1.1 Food Preparation

12. Laundry
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Table III-B-2 Existing Crew Subsystem Division

S!. Ship Control Subsystem

Commanding Officer
Officer of the Deck
Diving Officer of the Watch
Chief of the Watch
Helmsman
Pl anesman
L.ee Helm

2. Engineering Subsystem

Engineering Officer of the Watch I
Engineering W&tch Supervisor
Engine Room Supervisor
Engine Room Upper Level ,
Engine Room Lower Level
Machinery Room 2 Upper Level
Machinery 'loom 2 Lower Level
Reactor Operator
Electrical OperatorAuxiliary Electrician Aft

Throttl oman
Engineering Laboratory Technician

3. Navigation Subsy.-1,em

Navigation Center Supervisor
Navigation Equipment Technician
Navigation Center Watch
Quartermaster of the Watch

4. Auxiliary Subsystem -a

Auxil iarvinan Forward
Auxiliaryman Aft

S. Defensive Weapons SUDsystem

Torpedoman (bow compartment)

6. Strategic Weapons Subsystem

Missile Control Center Supervisor
Missile Control Center Watch
Launch Operations Station Watch
Assistant Launch Operation Station WatchS.. •Missile Compartment Roving Watch
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Table III-.B-2 (Concluded)

7. Habitability Subsystem

Machinery Room 1 Watch
Auxiliary Electrician Forward
Corpsman
Mess Cooks
Mess Specialists
Yeoman
Storekeeper

8. External Communications Subsystem

Radioman Supervisor
Radioman Watch

9. Sonar-ECM Subsystem

Sonarman Supervi sor
Sonarman Watch

10. Damage Control Subsystem

Al 1 Personnel

?I
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Table III-B-3 Selection Criteria

1. Decrease Cost

This criteria includes the costs of design, construction, testing, and
lifetime maintenance, but does not include any savings due to a possible
crew reduction.

2. Increase Availability

This criteria is defined by the following it.ns:

a. Improved strategic weapon and navigation subsystem operation:

1) Reduction or elimination of ship motion limits or events
(i.e., fewer trips to periscope depth).

2) Reduction of physical equipment limitations (i.e., required

navigational fix frequency to maintain the desired inertial
navigation platform accuracy).

3) Improved accuracy.

4) Equipment is maintainable by technicians trained in Navy schools.

b. Improved convaunications reception and transmission:

1) Reduce operational antenna limits as a result of ship motion
and detectability.

2) Increase equipment reliability.

3) Improve equipment.operational capabilities, including frequency
limitations and choice of operating equipment.

c. Improved command and control action:

1) Message completion validation.

2) Message validity.

d. Reduced refit time (in-port repair time).

1) Reduced equipment failure rates.

2) Increased at-sea repair of equipment.

111,-9-
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Table III-B-3 (Continued)

e. Increase reliability of the element, subsystem and ship in the
operating condition:

1) Improved mean time between failure.

2) Reduced mean time to repair.

f. Improve the operating cycles.

1) The capability to vary the time cycle between crew transfers.

2) To provide the capability to select the place (i.e., at sea, in
port) of the crew transfer.

3) To determine the requirement for a refit period ahead of time,
set necessary work loads and equipmen. repair.

3. Reduce Crew Size

This criteria evaluates the reduction of crew size with increased
mechanization.

a. Reduction of control station locations through:

1) Centralization of control areas.

2) Reorganization of watchstanding requirement- and functions.

b. Reduced maintenance training requirements.

1) Equipment technology improved.

2) Modular design.

3) Equipment designed for maintainability.

c. Decreased life cycle costs.

1) Fewer equipment operators required.

2) Use of Navy's "Standard Hardware Program" (MIL-STD-1378A).

3) Less maintenance (fewer maintenance men required).

d. Improved use of personnel.

1) Diversified trai'eing improves individual efficiency.
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' I .Table III-B-3 (Continued)

rf.

2) Undesirable tasks reduced and/or accomplishtý! by computer

assistance.

3) Boring watches eliminated.

4) Increased skill utilization.

e. Improved operational capability.

1) Normal watch conditions minimized.

2) Improved response to abnormal conditions

3) Centralized information displays.

4) Reduced requirement on voice interior communications lines.

f. Requirement for in-port supDort.

1) Non-technical support required.

2) Effect on tender support required due to increased technology.

3) Support requirements can be predetermined.

4. Increased Survivablit~y

This criteria defines improvement in the survivability of the sub-
marine.
a. Reduced own-ship detectability. J

1) New equipment is quieter due to technology and operation.

2) Noisy events are grouped and randomized by using computer pre- A
dictions.

I 3) Computer control reduces ship operational noise.

b. Covert escape on detection.

1) Computer recommendations based on all tactical input to provide

the best possibility of escape.

2) Improved maneuvering capabilities.

3) Control of own ship noise.
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* Table 11I-B-3 (Continued)

c. Improved tactical weapon capability.

1) Computer recommendation of tactical maneuver.

2) Target motion analysis techniques.

3) Torpedo control capability.

4) Decrease fire control party requirement.

d. Improved detection ca.pability.I 1) Automated antenna control.

2) Analysis of sonar data.

3) Better control of own-ship to:

(a) minimize noise

(b) maximize the capability tu obtain data.

e. Automated contact analysis.
1) Computer recormoendation for maximum data (equipment use

and own-ship maneuverinrg.
2) Noise signature profiles in memory.

3) Automated classification of contact.

f. Faster reaction time.

1) Data transfer time. 4

2) Computer recommendations to minimize detection.

3) Casualty control recommendations (or actions).

5. Improved Operability

This criteria evaluates the ease in operating the submarine with increased
mechanization.

a. Is the technology available.

1) State-of-the-art concepts. 1
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STable IIiT-B-< (Concauded)

2) Reliable equipment.

3) Ease of maintenance.

b. Is ship safety improved

1) Ship status displayed to operator.

2) Less communication delay time.

3) Computer recommendation and evaluation of control actions.

c. Are secondary functions provided

1) Alarm formats

2) Trend analysis

3) Failure diagnosis

4) Data recording and analysis

5) Tactical and operational data storage and retrieval

6) Maintenance administration

7) Medical diagnosis

8) Training information

d. Is human error reduced

1) Operating errors

2) Maintenance errors

e. Is the equipment fully utilized

1) Does it duplicate equipment in other subsystems

P. 2) Is the equipment standardized to facilitate maintenance andI training

3) What is its frequency of use

f. Additional operational training required

1) Man must know more about more equipment

2) Greater skills required

3) Diversified training required
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To provide a numerical method of weighing the relative value of each
criteria to the total, a weighting matrix as shown in Figure III-B-2
was developed. Each prime selection criteria was evaluated relative
to the others. A numeric 2 was assigned to a criteria if it is more
important than the criteria it was compared to; a 1 was assigned If
the criteria was less important. From this matrix the relationship
of the raw weight of each selection criteria was determined by 3um-
ming its comparative values. The normalized weight factor for each
selection criteria was determined for actual use in the evaluation
process.

3. Degree cf Mechanization

Our review of current and potential submarine control systems indi-
cated that five steps or degrees of mechanization are identifiable.
T..... .t... .. Fu.. =....* 1_ and •- Us..t- tho change

between the completely manual to the completely automatic system
control. Increased mechanization is reflected by proceeding from
left to right within the figure.

The first degree of mechanization as shown in Figure III-B-3 is the
"manual/oral" mode. An abnormal condition is detected by a watch-

stander who vocally relays via an interior communications system
the condition to the OOD. The OOD must understand what has been
verbally transmitted, acknowledge, and using past experience, or
judgment, issue a co.mand to be relayed via an interior coimnunica-
tions system, to the same or another watchstander for manual opera-
tion of a valve or switch to correct the problem or condition.
Such a "manual/oral" mode is highly subject to the possibility of
a misunderstanding and human error. if multiple probla.Ds develop
concurrently, the stress situation, an information overload,
placed on the OOD further complicates a correct solution to the
problems.

The second step in the mechanization process is to bring all pertin- B
ent data to a central monitoring panel and to present status data
to the OOD in a convenient organized manner. This step, "central
statusing", requires the telemetering of all pertinent data to the
central monitor. The amount of data handled is limited by the
organization and phyalcal size of the central monitoring panel.
To telemeter the data, many conventional, visually read, sensors
must be replaced with transducers whose electrical outputs can be
transmitted over data buses to the centrally located display.
The data buses can be co-axial cable, or using the latest technology,
fiber optic data light pipes.
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In the next step, "man-machine control", it is appropriate to use
a computer driven CRT as the central monitor. The computer is used
to reduce the data and present it to the operators in easily under-
stood formats. Since all information is processed by the computer,
diverse analog or digital data such as pressure and temperature can
be codisplayed on the CRT in tabular or graphical form.

The QOD is only presented pertinent, changing, requested, or alarm
information on the display. The computer using a CRT or printer can
also provide the OOD with trend data, diagnostic suggestions and
operational recommendations. The OOD must still verbally pass his
commands to appropriate watchstanders for corrective action.

The next progressive step in the mechanization process, "remote

control", is to provide local actuators throughout the ship that
can be controiied remotely by an officer from a cenLra. cunLrol
console. The officer is aware of ship conditions on his CRT dis-
play and can take appropriate actions through push-buttons or through
keyboard commands entered on the console. The officer is in control
of all actions and makes decisions aided by computer recommendations.

The next step, "computer control", uses the ship control computers
to constantly evaluate all conditions and to automatically make the
appropriate decisions and command the designated actuators to control

their related aquipments. All abnormal conditions are displayed to
the officer in addition to the action the computer is taking. Pro-

vision is provided for the officer to override any computer action.
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4. Mechanization Values

The next phase of our study was to quantify the extent of mechaniza-
tion desirable for each element of each subsystem. Each subsystem
element (ref: Table Ill-B-1) was evaluated using the "Selection
Criteria" to determine the effect of each incremental advancement
in Degrees of Mechanization. In order to determine the extent of
mechanization, the eraluation criteria were applied to each incre-
mental advancement. The criteria used determined whether or not
a change in the level of mechanization of the element would enhance
or degrade cost, availability, crew size, survivability, and opera-
bility. The individual criteria were measured in terms of the factors
shown in Table III-B-3, Selection Criteria.

a. Element Mechanization Values - The numbers +1, 0, ot -1
were assigned at the selection criterLa factor level. A "+1" was
assigned to a selection criteria factor if it enhanced that step.
A "0" indicated no change and a "-I" indicated a detrimental effect.
The numbers were summed for the factors of each of the five criteria,
proceeding one mechanization step at a time.
The results were weighted according to the relative worth (normalized .

weight far --) of the five selection criteria as determined in Figure
III-B-2. 4eighted criterion values constitute the net value ofmaking th, ... -a change. "

The entite process was repeated for the next level of change in
mechanization until a numerical value has been determined for each
change in level of mechanization. Figure III-B-4 provides a pic-
torial representation of this optimum mechanization evaluation
process.

The element mechanization valuea are shown in Figures III-B-5 through
TIT-B-14. Chenges in every element of each subsystem were evaluated
and plotted. The curves were used to assess the optimal level of
mechanization for each element.
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b. Subsystem Mechanization Values - It was deemed desirable to
determine each subsystem's mechanization value for each step of in-
crease in mechanization. A subsystem's total "mechanization value"
for a particular mechanization step was determined by summing the
contribution of the individual elements considered within that sub-
-vstem for that mechanization step. Thus, to determine the total
subsystem's mech&nization value, the numeric value of each element
for a given mechanization step for a specific subsystem was summed
and is shown by mechanization steps in bar-graph form in Figures
III-B-15 through III-B-24.

The subsystem mechanization values illustrated on these bar-graphs
indicate a measure of the total value that would be achieved if each
element in that subsystem was advanced to the next level of mechani-
zation. The values were derived without regard to Ln "optimum" level
of element mechanization and therefore they should not be construed
to illustrate the most efficient or desirable amount of mechanization
that should be utilized. The optimum points of mechanization were
derived for each element by consideration of the inflection points
on Figures III-B-5 through III-B-14 and by the integration of elements
into ojerable subsystems. This consideration must be made since each
subsystem and the ship generally operate as a whole and individual
elemeots cannot always be considered independently.
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5. Mechanization Recommendations

The optimum degree of mechanization for each element was determined
based on gain of advancing through additional steps of mechanization.
The inflection point (change in direction of the slope) of the curves
shown in Figures III-B--5 through III-B-14 served as a guide to the '
selection of the optimum degree of mechanization for the various ele-
ments of eac'h subsystem. The inflection point provided the basis for

determining the recommended mechanization for each subsystem element.

Figure IM-B-25 illustrates the optimum degree of mechanization se-I
lected for each element. The dot (e) on the figures represents an
indication of the average current state of mechanization on a baseline
SSBN. The arrow ( )indicates the degree of mechanization recoin-
mended as a result of the analyses performed in this study. The rela-
tive length of the arrow represents a measure of the amount of mechan-
ization advancement for each subsystem element.
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Figure =LT-B-25 Optimum Element Mechanization Selection for an Integrated Ship

ISHIP CONTROL SUBSYSTEM1

ELEMENT I II III IV V

1. Submerging .

2. Normal Surfacing -

3. Emergency Surfacing @ -- poCasualty
Reaction

4. Alternate Surfacing 0 ,.
(Low Pressure Blow)

5. Trim and Buoyancy,-

6. Main Drain System ,

7. Auxiliary Drain
System

8. Hovering Capability

9. Steering Control 0,u-

10. Depth Control

11. Depth Sensing 0

12. Rig for Dive/ (Partial)
Surface

13. Propulsion Mode .

14. Propulsion Speed ,

15. Casualty Actions -,(Partial1

SENGINEERING SUBSYSTEM

ELEMENT I II Ill IV V

1. Steam Generator
Water Level Control

2. High Pressure Drain -
System Control

3. Chemical Sampling 0
and Analysis

4. Auxiliary Fresh ,
Water System Con-
trol
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Figure IfI-B-25 (Continued)

ENGINEERING SUBSYSTEM (Continued)

ELEMENT I II III IV V

5. Makeup Feed Control 0 so *Initiation

6. Main Feed System 0
Control

7. Auxiliary Steam Con-
trol

8. Sea Water Cooling
Control

9. Turbine Gland Seal 0

10. Condensate System ,
Control

11. Hot Well Level Con- ,-
trol

12. Low Pressure Drain •
System Control

13. Air Ejector Control ,
14. Main Steam System_ 0."

Control

15. Fresh Water Drain •
System Control

16. Main Propulsion ,
Turbines

17. Clutch Control

18. Emergency Propul- .
sion Motor Control

19. Shaft Seal •

20. Lube Oil (Mai'n, ,
Shaft, SSTG)

21. Ship Service Turbine •-
Generator

22. Ship Service Motor 0
Generator Control

23. Diesel Engine Con- ,0
trol
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Figure III-B-25 (Continued)

J [ ENGING SUBSYSTEM (Continued)

ELEMENT i II III IV V

®R 24. Diesel Generator O
Control

25. Battery Monitoring

26. Main Electrical Dis- 0
tribution Control

27. Secondary Propulsion 0
Motor Control

28. Turbine Jacking S
Gears

29. Lube Oil Transfer 0lw
30. Casualty Actions 0- --- ---- m{Partial)

V AUXILIARY SUBSYSTEM

E'.EMENT I II III IV V

1. Air Conditioning
2. High Pressure Air

Compressors

3. Hydraulic Plant 0
Control

4. Refrigeration Plant 5-

5. High Pressure Air __

System

6. Low Pressure Air "
System

7. Evaporator Control 0

8. Distilling Unit Con- •
trol

9. Air Conditioning -
Cooling Water

10. Control Air Compres- -
sors

11. Electronic Equipment - op-
Cooling

S ' " I1I-130



MII

Figure III-B-25 (Continued)

rAUXILIARY SUBSYSTEM (Continued)

ELEMENT I I! III IV V

12. Air Conditioning ,
Chill Water

13. Fuel Oil and Comp- ___ _ensating Water

14. Anchor Release 0 "
15. Windlass and Capstan 0

NAVIGATION SUBSYSTEMJ

ELEMENT I II III IV V

1. Gyro Compass

2. Dead Reconing 0
Analyzer Indicator

3. Electromagnetic Log 0

4. Central Navigation •
Computer

5. Satellite Naviga- ,
tion Fix Capability

6. Radio Navigation Fix "
Capability

7. Inertial Navigation 5-
System

8. Navigation Control
Console

9. Ocean Bottom Navi- 0
gation Fix Capabil-
ity

10. Periscope Optics 0
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p
Figur'e 1TI-B.-25 (Continued)

EXTERNAL COMMUNICATIONS SUBSYSTEM

ELEMENT I II III IV V

i. MF/HF Transmitter 0

2 UHF Transceiver 0

3. MF/HF Transceiver "

4. VLF Receivers ,

(. 5. MF/HF Receivers "

V 6. Teletype Equipment 0

7. Security Equipment t low

8. Radio Telephone

9. Multicoupler 0

10. MF/HF/U:F Antenna
Control

11. Emergency Antenna
Control

12. VLF Antenna Control'

13. Entertainment Re- 0
ceiver

14. Antenna Performance 0
Monitoring

ISONAR ECM SUBSYSTEM_ _ _ _ _

ELEMENT I ii III IV V

1. Passive Sonar (Con- p
formai Array)

2. Active Sonar -

4 3. Passive Sonar (Cyl- 0
indrical Array)

4. Passive Sonar -

(Narrow Frequency
Band)

5. Passive Sonar -
(Trailing Arrdy)
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Pigure lII-B-25 (Continued)

SONAR ECM SUBSYSTEM (Continued)l

ELEMENT I III TV V

6. Passive Sonar (Over-
head Array)

7. Sonar Performance
Computer

8. Fathometer

9. Underwater Telephone 0

10. Sound-Velocity Pro- -
file Determinationi

11. Sonar ECM 0

12. Sonar Contact Clas- __ _
sification

13. Sonar Parameter -
Identification
(Frequency Modula-
tion)

14. Radar 0

15. ECM - b-

15. Electronic :dentifi- •
ca.ijr, System

17. Microwave Intercept o
Receiver

18. ECM Contact Classi- -
fication

19. Sonar aard ECM A.,,,en- 0
na Cortrol

20. Sonar Trailing Array •
Control

21. Sonar Array Perform- -
ance Monitirin7,
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Figure 2TI-B-25 (Continued)

LDEFENSIVE WEAPONS SUBSYSTEM1

ELEMENT I II III IV v

1. Torpedo Tube Opera- , -

tion

2. Torpedo Loading 0

3. Torpedo Firing

4. Signal Ejector 9
S~Loading

5. Signal Ejector 0
Firing

6. Target Motion Deter- -
mination

7. Torpedo InpLut 9 - --
Selection

[STRATEGIC WEAPONS SUBSYSTEMI

ELEMENT I II Ill IV V

1. Missile Tube Opera-
tion

2. Missile Tube Press- - -

ure Control

3. Missile Gas System - .--

4. Missile Launch Comp-
ensation

5. Missile Tube Hydrau- ,
lics

6. Missile Tube Humid- 0
ity Control

7. Missile Tube Temp- S
erature Control

8. Missile Launch S
Preparation

9. Missile Launch S
Initiation
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Figure III-B-26 (ConcZuded)

LHABITABILITY SUBSYSTEM

ELEMENT I II ILI IV V

1. Ventilation Systcm ,

?. Compartment Recircu- Ilation Fans

3. CO2 Scrubber Control -

4. 02 Generator Control "

5. CO/H2 Burner Control "

6. 02 System Control 0 ,-

7. Potable Water System -

8. Plumbing-Sanitary ,Tanks

9. Temperature and Hum-
idity Control

10. Trash Disposal 0

11. Food Preparation _
12. Laundry •

ICASUALTY AND DAMAGE CONTROL SUBSYSTEM

ELEMENT I II III IV V

1. Emergency Lighting

2. Hydrogen Detectors

3. Watertight Doors ,

4. Radiation Detection ,
(Status and Survey)

5. Ship Casualty Mes- S
sage Release

6. Casualty Alarms ,

7. Ship Control Cas- "
ualty Detection

8. Casualty Response . -Wartial

9. Solution Evaluation 0

1 0. Smoke Detection 0
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6. Crew Requirements

Analyses of the approximate number of crewmen thnt would be required
to operate each of the 10 subsystems at each of the five levels of
mechanization were performed. The results of these analyses and a dis-
russion of their meaning and manner of interpretation is presented in
Appendix III. The material presented in thi present tscction is directed
to a discussion of the crew requirements for a new generation SSBN

designed as an integrated ship to meet the optimum mechanization con-
cepts recommended in our study.

These crew requirements were developed through comparisons of exist-
ing crew manning requirements for the baseline SSBN and the mechaniza-
tion concepts developed for ship's subsystems as identified in Table
III-B-25. An in-depth analysis of the mechanization concepts indicated
that nine broad classes of crew functions would be required for the
crew of the new generation SSBN:

(1) Decision-making;

(2) Console (C&D) tasks;

(3) Response to computer-initiated alerts;

(4) Manual operation of equipment;

(5) Preventive maintenance;

(6) Corrective maintenance (replacement of modules put off-line by

computers and computer-assisted disassembly and repair);

(7) inspection tasks;

(8) Casualty and damage contiol;

(9) Override computerized functions.

The watch structure as i zurrently exists was discarded in the new¢

generathon SSBN concept. However, certain aspects of a watch-type
structure have been retained. Specifically, two wat:2r stations ht':.e

been identified--one at the Ship's Control Console and one at the

Engineering Plant Console. Both of these watch stations utilize

officer watchstanders. The ofiicer on watch at the Ship's Control

Console has been designated Officer of the Deck (OOD) and the of-

cer on watch at the Engineering Plant Console has been designated

Engineering Officer of the W-atch (EOOW). These two designations

were retained because the duties and responsibilities of the two

officers will be essentially the same as the current responsibilities

for -he OOD and EOOW shcwn in Table ITI-A-13.
TII-136
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The essential differences will be that the OOD and EOOW will effect
their responsibilities not be receiving verbal reports and issui.ng
verbal commands, but rather by interfacing with the computer thyough
their respective consoles.

The new generation SSBN concept requires wainimal manual actions to
accomplish nominal and contingency evolutions; however, certain manual
oparations were retained. The requirement to perform a limited number
of manual operations plus the requirement for maintenance and casualty
contrcl dictated additional crew members to assist the OCD and EOOW.
An in-depth analysis of the retained manual operations, maintenance
requirements, and response to various forms of casualty situations re-
suled in the assignment of three enlisted crewmen to OOD and three to
Lhe EOOW. These six crewmen would not be watchatanders in tha tradi-
t!onal sense; rather, they will ba available to the OOD and EOOW during
their watch to perform tasks at their discretion. Their major respon-
sibilities would be to perform operational tasks, and preventive and
corrective maintenance under direction of the OOD and EOOW.

Since tie requirement for personnel services will be essentially un-
changed on the new generation SSBN, an analysis of the crew required
to perform functions of food preparation, storekeeping, medical, and
records (yeoman) preparation, etc was performed. The number of crewmen
required to perform these functions is dependent on the total crew size.
Our analyses indicated that a total of three crewmen can perform the
personnel services on the new generation SSBN. Two crewmen would beassigned to perform cook/storekeeper functions and one crewman would

perform medical/yeoman functions.

A nominal crew complement of 30 crewmen would be required to operate
the new generation SSBN for all nominal and contingency evolutions.
Seven of the 30 are officers--Commtanding Officer, three to serve as
OOD and three to serve as EOOW. The requirement for three OODs and
EOOWs ariLes from the requirement for a three section watch rotation.
A nominal complement of 18 enlisted crewmen would serve as operational
personnel for the OOD and EOOW; they will be designated Maintenance
Technicians (MT). The MTs will have two basic skill specialties--
electr•iics and mechanics (including hydraulics). A majority of the
new gen.ration SSBN maintenance requirements will be electronic (includ-.
ing computCr); therefore, 12 MTs will he el:-tronic specialists and six
will be meahanics specialists. The MTs will havc secondary skill spec-
ialties which may come from specialized short courie.%; e.g., weapons,
navigation, comnunications, etc or from on-the-job training. Three
electronics MTs will be assigned to the OOD watch--one will have a sonar
skill specialty and onre a computer skill specialty. Two electronic MTs
and one mechanics MT will be assigned to the EOOW %atch. It is antici-
pated that in an operational enviornment some crew members will be new
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trainees; therefore, two new trainee crewmen were added to bring the
total crew size to 30.

I.r is reasonable to assume that administrative functions will be es-
sentially unchanged in a new generation SSBN; therefore, a Preliminary
admInistrative structure was proposed. The administrative structure
for a crew size of 30 is shown in Figure III-B- 26

Analysis of the crew operations for nominal and casualty evolutions on
the nrw generation SSMN were performed to insure that a crew of 30 could
accomplish the SSW mission. For nominal evolutions, the analyses in-
dicated that all could be successfully performed 'y the 0OD, EOOW, and
six Maintenance Technicians on a three section watch rotation. Tables
III-M-4, III-B-5, and III-3-6 present the results of these analyses for
three rjor ship control evolutions of diving, surfacing, and snorkel-
Ing, Each table presents a comparison of the crew activity sequence
and the involved crewmen required on the baseline SSBN (on the left)
and the crew activities required on the new generation SSBN concept
(on the right).

Obviou3ly, the majer difference between activities for new generation
as compared to baseline SSUN for all three evolutions is the dramatic
"reduction in manual operations and verbal repo, ts, and a concomitant
reduction in personnel requirements. For example, nominal performance

of diving in the baseline SSW requires 37 identifiable activities, and
the active parcicipat:on of 12 crew members plus the participation of
all watchstandars to rig the ship and report conditions to control.
DBiving in dhe new generation SSBN requires 13 identifiable activities,
three crewmen (DOD, his temporary relief, and a Maintenance Technician),
vastly reduced requirements for manual rigging of the ship, and no
nominal requirements for verbal reports. For surfacing, the correspond-
ing comparison between baseli.e and new generation SSBN are 39 activi-
ties and nine crewmen versus six activities and two crewmen. For
snorkeling the figures are 45 activities and 12 crewmen versus seven
activ-ities and t-Ac, crewmen..

it needs to be eWhaaized that comparisons of numbers of activities
and crewmer. between baseline and nw generation SSBNs overlook another
major difference between the two concepts. Activities for baseline
I$&SsN are mnually comple- in many instances while crew activities for
the new g.tLcration SSBN are manually and perceptually simple (control/
d4isplay operations). Decision-making requirements are similar in both,
but data relevent to decisions are more reliable, less susceptible to
hban errow, aud more jr.-4_'y and readily obtainable in the new gener-
ation cocept.,
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Table III-B-4 Comparison of Crew Operations for Diving Evolution in Baseline and New Generat'

BASELINE SSBN ____ _

ACTIVITY SEQUENCE CREW _

1. Rig ship for dive. All compartment watch standers and Some riggi
designated officers, in compar

matically.
duced. C
statuses
Control Con
signal at.S

2. Normally the OOD would order: All systems'

Secure Snorkeling (Snorkel Bill) either man
er Secure Ventilating (Ventilation Bill) displayed
before the order to submerge the ship. would be io

Control Co
equipment
specific q
would be di

3. Man the outboard ship control station. Lee Helmsman These funct

4. OD0 relieved by person in control room. "New" OD bridge for
niclan.

5. Assist in rigging the bridge for dive. Lookout supervises
ted, OOD wo6. Assist in rigging the bridge for dive. Quartermaster of Watch r

7. Remove IC suitcase from bridge Auxiliary Electrician Forward for visual l
8. Ensure bridge properly rigged for dive. "Old" OOD

9. Secure the bridge access hatch. "Old" OOD

10. Secure all IC circuits to the bridge. Auxiliary Electrician Forward

11. Secure lower bridge hatch Quartermaster of Watch

12. Secure navigational lights and search Quartermaster of Watchlight..

13. Report *straight board" to OOD. COW

14. Oldn OD relieve New" OOD. DOD D
15. Order the DOW to submerge the ship (with DOD SubmergencO

CO's permission), at Ship's 0:prohibit dt
16. Order the COW to pass "Dive, dive" on the DOW trOl would i

INC and sound the diving alarm twice.

17. Pass "Dive, Dive" on INC and sound diving COW
alarm. Assist COW as necessary. Auxiliary Watch Forward

18. Place two hydraulic pumps in run (main and COW Activities'
one lead). sequenced i

19. Train the radar mast for lowering. Radar/ECM accomplisd!
they would,

20. Cease transmitting from radio Radar Operator initiate
could intel
initiate
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Pion in Baseline and New Generation SSBN

NEW GENERATION SSBN
CREW

k watch standers and Some rigging for dive would be done manually by maintenance technicians
1cers. in compartments; however, most rigging would be accomplished auto-

matically. Requirements for manual'rigging would be considerably re-
duced. Computer would sense status of systems rigged for dive and
statuses may be requested for visual verification by OOD at Ship's
Control Console. Failure of proper rigging status would initiate
signal at Ship Control Console.

All systems requiring "secured status" for diving would be secured
either manually or automatically. Confirmation of status would be
displayed at Ship's Control Console. Automatic securing functions
would be initiated by OOD by manipulation of manual controls at Ship's
Control Console. Status of individual systems, subsystems, or items of
equipment would not necessarily be displayed but OOD could request
specific questions to computer. "Ship rigged for dive" indication
would be displayed as baseline case.
These functional activities would be basically unchanged. Rigging the
bridge for dive would be accomplished by OOD and a Maintenance tech-
nician. OOD would be temporarily relieved by "new" OOD while he
supervises the activities at the bridge. When activities are comple-

[of Watch ted, ODD would return to Ship's Control Console and relieve his temp-
orary relief. Verification of their accomplishment would be available

ýrician Forward for visual display at Ship's Control Console.

I

i
ctrician Forward

of Watch

of Watch

Submergence would be accomplished by OOD's initiation of manual control
at Ship's Control Console. Desired depth would be set. Computer would
prohibit diving if required statuses are not met. Diving dynamic con-

[ trol would be automatic.

h Forward
Activities and operations 18 through 26 would be accomplished and
sequenced automatically under computer control. Verification of their
accomplishment can be requested by 0OD at Ship's Control Console but
they would not nominally be displayed. Failure of any action would
initiate an alarm at Console and computer would "hold" sequence.' OOD
could interrogate computer for malfunction diagnosis and he could
initiate automatic corrective action or direct maintenance techniciansi
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Table .TII-B-4 (Conclud d)

BASELINE SSBN
_ ACTIVITY SEQUENCE CREW

21. Ring up Ahead 2/3 and place rudder amid- Helmsman to perform
ships.

22. Open all main vents COW

23. Lower all masts and report to OOD COW
24. Proceed to ordered depth DOW

25. Shut all vents at 50'. COW
26. Operate rudder and planes as ordered. Helmsman

Pl anesman
27. Man the JA phones in Control. Auxiliary Electrician Forward There will
28. Man the JA phones in Ops LL compartment. Lookout backup moderide.
29. Man the JA or 2JV phones in all compart- All Watch Standersmhents.

30. Analyze trim condition DOW Trim conditi
31. Pump or flood variable ballast tanks as COW OOD may int,

ordered. (by manual

32. Secure the radar or ECH when ordered. Radar/ECM
33.' Obtain neutral trim condition and report DOW

to OOD.

34. Place main hydraulic pump in Standby. COW
35. Cycle main vents one group at a time. COW
36. Report compartment/equipment condition to Ail Watch Standers All condit1,

control. information
37. Secure.sound powered phones on order All Watch Standers Console.

when all reports received.

I



NEW GENERATION SSBN
,-CREW

to perform manual corrective action.

trician Forward There will be no requirements to man phones. Phones will be used as
backup mode only in case of computer malfunction or computer over-
ride.

Oders

Trim condition will be sensed, analyzed, and controlled by computer.
OOD may interrogate computer concerning trim situation and command
(by manual input at Ship's Control Console) any desired changes.

ders All conditions relevant to submergence will be- sensed-by computer and
information may be requested for visual display at Ship's Control

ders Console.

1drs
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Table III-B-6 Conparieon of Crew Operatione for Surfacing Evolution in Baseline and New Genen

BASELINE SSBN

ACTIVITY SEQUENCE CREW
OOD relileved.

1. Order COW to pass "prepare to surface" OOD OOD initiates
on INC. Ship's Contt

and command2. Pass "prepare to surface" on IMC. COW and controd1
________Plant Control.

3. Check all MBT vents shut. COW These actions

4. Check hydraulic pump line up. COW Verificationtrol Console
5. Position head valve electrode selector COW any action

switch to "both"; head valve control would "hold".
switch to "auto". malfunction d

6. Test mast flooded indicator COW direct maint

7. Drain induction mast. Auxiliary Watch Forward

8. Check MBT low pressure blow and exhaust Navigation Center Supervisor
mast dry.

9. Unlock outboard induction and outboard Navigation Center Supervisor
ventilation.

10. Open head valve air supply valves. Navigation Center Supervisor

11.. Receive reports from Navigation Center COW All status r
Supervisor and Auxiliary Watch Forward be visually di
that they are ready

12. Obtain permission from OOD, drain, and Quartermaster of Watch These activit
enter bridge access trunk. ance technicil

13. Line up IC circuits to bridge Auxiliary Electrician Forward

14. Man JA phones in control and inform COW Auxiliary Electrician Forward All status v-
when all compartments reported ready to visually disý
surface.

15. Report "ready to surface" to DOW. COW

16. Secure JA phones when ordered Auxiliary Electrician Forward

17. Report "ready to surface" and pressure DOW
in boat to OOD.

18. Order DOW to "surface the ship" OOD OOD initiates

19. Have COW pass "surface, surface, DOW Ship's Control

surface" on IMC. Plant Control.

20. Order COW to "blow forward group" DOW These actions'Verification
21. As ship takes an up angle order "blow DOW trol Console

aft group". action would i

22. Attempt to maintain 30 to 50 up angle. Planesman "hold" sequeo'tion diagnos•

mA
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aution in BaseZine and New Generation SSBN

NEW GENERATION SSBN
4REW ..

OOD initiates "prepare to surface" by manual initiation of control at
Ship's Control Console. Maintenance technician passes word on comm
and command is visually displayed on Ship's Control and Engineering

Plant Control Consoles.

These actions would be performed automatically by computer control.
'Verification of their accomplishment would be displayed at Ship Con-

* trol Console and at Engineering Plant Control Console. Failure of
any action would initiate an alarm at each console and computer
would "hold" sequence. OOD and EOOW could interrogate computer for
malfunction diagnosis and initiate automatic corrective action or
direct maintenance technicians to perform manual corrective actions.

Forward

ier Supervisor

ýer Supervisor

Fer Supervisor
SAll status reports would result from remote sensing by computer and

be visually displayed at Ship's Control Console.

f Watch These activities would be performed as they are currently by Mainten-

ance technicians on watch at Ship's Control Console.

Srician Forward

rician Forward All status reports would result from remote sensing by computer and be
visually displayed at Ship's Control Console.

trician Forward

OOD initiates "surface the ship" by manual initiation of control at
Ship's Control Console. Maintenance technician passes word on comm
and command is visually displayed on Ship's Control and Engineering
Plant Control Consoles.

These actions would be performed automatically by computer control.
Verification of their accomplishment would be displayed at Ship Con-
trol Console and at Engineering Plant Control Console. Failure of any
action would initiate an alarm. at each console and computer would
"hold" sequence. OOD and EOOW could interrogate computer for- malfunc-
tion diagnosis and initiate automatic corrective action or direct

_maintenance techniciang tn pnrfnrm .fAniIal rnrrirtive artinnJ
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Table III-B-5 (Concluded)

BASELINE SSBN

ACTIVITY SEOUENCE CREW-

23. When ship on surface, order COW to DOW Computer wil
"secure the Pir" then report to OOD initiate "se
"X feet and tiolding". Control ConS

•: matically by
24. Lock planes at ordered angle in emergency Planesman

mode.

25. Maintain ordered course. Helmsman

26. Order COW to open the outboard induction. OOD

27. Check head valve open. COW

28. Report pressure equalized. COW

29. When press:;re is equalized order Quarter- OOD This will be,
master of Watch to crack, then open the
bridge.

30. Order "start the low pressure blower on OOD This command'
all main ballast tanks". by computer

OOD.
31. Order OOD and Lookout to bridge OOD Commanding o.

(Old_0013, LeeHelsman)______

32. Open inboard induction valve Auxiliary Watch Forward These actionT
Verificationl

33. Line up low pressure blower discharge Navigation Center Supervisor Console and
valves, start blower and #1 vent fan. action would

34. Report "low pressure blower running on COW "hold" seqiei
all MBTs". function dial

maintenance
15. On indication of air escaping from all OOD

MBTs, order "shift the blower to ventila-
te outboard".

36. Shift the blower and report to COW. Navigation Center Supervisor

37. Rig the bridge Quartermaster of Watch Activities W

38. Install communications to bridge. Auxiliary Electrician Forward.

39. Bridge OOD relieve OOD in control. OOD



NEW GENERATION SSBN
CREW

Computer will inform OOD when ship is on the surface. OOD will
initiate "secure the air" by manual initiation of control at Ship's
Control Console. Activities 24 thrbugh 28 will be accompli'hed auto-
matically by computer control.

This will be performed manually by Maintenance technician.

This command will be automatically initiated in proper time sequence
by computer upon initiation oF "secure the air" control activation by
OOD.

Commanding officer will relieveOOD. Activity will be same as shown.

Stch Forward These actions would be performed automatically by computer control.
enter Supervisor Verification of their accomplishment would be displayed at Ship Control

Console and at Engineering Plant Control Console. Failure of any
action would initiate an alarm at each console and computer would
"hold" sequence. OOD and EOOW could interrogate computer for mal-
function diagnosis and initiate automatic corrective action or direct
maintenance technicians to perform manual corrective actions.

venter Supervisor
r of Watch Activities will be accomplished manually as shown.

iectrician Forward
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Table III-B-6 Comparieon of Crew Operatione for Snorkeling Evolution in Baseline and New Generati

BASELINE SSBN

ACTIVITY SEQUENCE CREW
I1. Order COW to pass the word on IMC - OOD OOD initiates

"Prepare to Snorkel". at Ship Contro
command. Co
Engineering PI

2. Man JA phones in control. Lee Helmsman JA phones woul
manual overrid

3. Open induction pipe vent valves. Auxiliaryman of Watch Forward These actions
4 ~Verificationa4. Open Air Supply to head valve. Navigation Center Supervisor Cer an aConsole and at;

5. Unlock outboard induction valve, place in Navigation Center Supervisor action would 1
power. "hold" sequencfunction diagn6. Open inboard induction valve. Navigation Center Supervisor maintenance t

7. Line up diesel for startup. Diesel Generator Watch

8. Drain snorkel exhaust pipe between in- Auxiliary Machinery Room 2 Upper
board and outboard exhaust valve. Level

9. Line up ventilation supply in Auxiliary Auxiliary Machinery Room 2 Upper
Machinery Room 2 Level

10. Unlock the diesel exhaust valve and place Auxiliary Machinery Room 2 Upper
In power. Level

11. When at periscope depth, direct the DOW OOD Periscope dep
to raise the snorkel mast. depth by manua

achieved, DOD
snorkel mast v

12. Open the induction mast vent valves. COW These actions

Raise snorkel mast. COW Verification
Control Conso,

14. Drain .Induction mast, shut drain and Auxiliary Watch Forward any action wovent valve. "hold" sequenc
tion diagnosis

15. Test induction mast flooded indicator. COW maintenance t;

16. Obtain permission from OOD and test head COW
valve.

17. Rig compartments for snorkel Mess Cook and Auxltiary Machinery Most rigging f
Room 1 number of rig4

18. Pass reports of prepared to snorkel from Computer will
each compartment: for snorke'ing

Conpputer Lee Helmsman COW DOW OOD Sensors will p

19. Order "Commence Snorkeling". OOD OOD initiates:
Ship's Control

I,)



[voZution in Baseline and lyew Generation SSBN

NEW GENERATION SSBN

-CREW

OO initiates "prepare to snorkel" by manual initiation of control
at Ship Cont-ol Console. Maintenance technician passes the word on
command. Co.amand is visually displayed on Ship's Control and
Engineering Plant Control Consoles.

,JA phones would be available for use as emergency only--in case of
manual override of computer functions.

of Watch Forward These actions would be performed automatically by computer control.
rSupervisor Verification of their accomplishment would be displayed at Ship Control

nter Console and at Engineering Plant Control Console. Failure of any

nter Supervisor action would initiate an alarm at each console and computer would
"hold" sequence. DOD and EOOW could interrogate computer for mal-
function diagnosis and initiate automatic corrective action or direct

renter Supervisor maintenance technicians to perform manual corrective actions.
tor Watch

hinery Room 2 Upper

¢Chinery Room 2 Upper

'chinery Room 2 Upper

Periscope depth would be controlled (set) by OOD. He would set desired
depth by manual input to Ship Controi Console. When that depth is
achieved, DOD would receive displayed verificadion ard raising of
snorke'. mast would be initiated by manual control at console.

These actions would be performed automatically by computer control.
Verification of their accomplishment would be displayed at Ship
Control Console and at Engineering Plant Control Console. Failure of

ýtch Forward any action would initiate an alarm at each console and computer would
"hold" sequence. OOD and EOOW could interrogate computer for malfunc-
tion diagnosis and initiate automatic corrective action or direct
mainte:iance technicians to perform manual corrective actions.

d Auxiliary Machir'ry M(c!t rigging functions will be done automatically; however, a reduced
__ number of riggings will still have to be accomplished manually.

Co•*puter will inform OOD and EOOW that all conditions have been met
fý,r snorkeling. Verbal reports from crewmen will not be necessary.

. Sensors will provide computer verification of actions accomplished
manually as well as automatically.

OOD initiates "commence snorkeling" by manual initiation of controa at
) Ship's Control Console.
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TabZe 111-6 (Continued)

BASELINE SSBN __-

ACTIVITY SEQUENCE CRE . ...
20. Order COW to open outboard induction DOW These action

valve. Verification,
Control Consn

21. Order COW to flood into depth control DOW any action
(about 8000# to trim compensate for "hold" sequ
snorkel exhaust line). tion diagnos

22. Blow water from snorkel exhaust line. Auxiliary Machinery Room 2 Upper maintenance
Level

23. Start diesel and report running to EOOW Diesel Generator Watch EOOW will in
Plant Consolq

24. Start #1 vent fan. Navigation Center Supervisor factory to s

under comput
• • _ _ Engineering I

25. Report "snorkeling" to OOD. EOOW Computer will

26. Report "normal snorkel board". COW .. ..

27. Secure JA phones. COW JA phones wolmanual overr

28. Report to EOOW when diesel warmed up. Diesel Generator Watch Diesel statut
The decision

29. Electrically load diesel. Electrical Operator and will be
Plant Consol

30. Secure 02 bleed, C02 scrubber, CO-H 2  q heseactionf
burner.

"31. Order EOOW to unload and cooldown the OOD. The OOD willi
dtesel. communicatiou

manual inputý
32. Pass the word on IMC "Secure Snorkeling". ODD of diesel by-

33. Shut down and secure diesel. Diesel Generator Watch of diesel shq
console. 001
at Ship's Col

34. Shut outboard induction. COW
35. Pump from DCTs outboard by order of OOD COW

to trim compensate. .

36. Shut inboard induction. Navigation Center Supervisor Activities 34
control. Vep

37. Secure #1 vent fan. Navigation Center Supervisor Ship Control.

38. Shut inboard snorkel exhaust uxiliary Machinery Room 2 Upper ure of any a4
Level would "hold".',

3,u halfunction
39. Shut head valve. COW direct mainto

0. Lower snorkel mast. COW

41. Secure air to head valve. Navigation Center Supervisor



IN i -i

-. NEW GENERATION SSBN
CREM_

These actions would be performed automatically by computer control.
Verification of their accomplishment would be displayed at Ship
Control Console and at Engineering Plant Control Console. Failure of
any action would initiate an alarm at each console and computer would
"hold" sequence. OOD and EOOW could interrogate computer for malfunc-
tion diagnosis and initiate automatic corrective action or direct

Onery Room 2 Upper maintenance technicians to perform manual corrective actions.

pr Watch EOOW will initiate "Start Diesel" by manual action at Engineering

•er Supervisor Plant Console. Computer will inform EOOW when conditions are satis-
factory to start diesel. Startup and verification of running will be
under computer control and displayed at Ship's Control Console and
Engineering Plant Conscle.

Computer will inform OD and EOOW of snorkeling status.

JA phones would be available for use as emergency only--in case of
manual override of computer functions.

,r Watch Diesel status will be displayed to EOOW'at Engineering Plant Console.
JThe decision to electrically load the diesel will be made by EOOW

-ator and will be initiated by him by a manual control action at Engineering

Plant Console.

These actions will be accomplished automatically and verified (by
request of OOD) at Ship's Control Console.

The OOD will inform EOOW of intent to secure snorkeling (method of
communication may be verbal via comm or through computer bus via
manual input). EOOW will initiate unloading, cooldown, and shutdown
lof diesel by manual input at Engineering Plant Console. Verification

r Watch of diesel shutdown will be automatically displayed to' OOD at his
console. OOD will have capability for emergen,,y shutdown of diesel
at Ship's Control Console.

r Supervisor Activities 34 through 44 would be performed automatically by computer
control. Verification of their accomplishment would be displayed atSr Supervisor Ship Control Console and at Engineering Plant Control Console. Fail-

,ery Room 2 Upper ure of any action would initiate an alarm at each console and computer
would "hold" sequence. OOD and EOOW could interrogate computer for
malfunction diagnosis and initiate automatic corrective action or
direct maintenance technicians to perform manual corrective actions.

.r Supervisor
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TabZe !11-6 (ConcZuded)

BASELINE SSBN

ACTIVITY SEQUENCE CREW -

42. Lock shut outboart.snorkel induction. Navigation Center Supervisor.

43. Lock shut outboard snorkel exhaust. Auxiliary Machinery Room 2 Upper
Level

44. Line up ventilation system to recirculate. Mess Cook
Auxiliary Michinery Room 1
Auxiliary Machinery Room 2 UpperLevel

45. Pass reports of secured from snorkel: OOD Verbal reporj
COW DOW EOOW to snorkeling.

Ship's Contro6

.. .. ......



IM GENERATION S53

kter supervisor.
milnery Rout 2 Upper

Room I
Rom 2 Upper

Verbal reports will not be required. All systems statuses relevant
to snorkeling secured condition will be visually displayed to 000 at
Ship's Control Coesle.

1
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Analyses of casualty situations presented a more difficult analysis
task since there are so many different kinds of emergency situations
to consider. Analyses of several kinds of major casualties (fire,
atmospheric contamination, and flooding indicated that a crew comple-
ment of 30 could successfully handle the casualty situations. The
entire crew would be involved in similar fashion to the baseline SSBN.
The essential aspects of crew response to casualty situations in the
new generation SSBN are that when damage occurs:

e sensed data from the ship automatic sensors are received and

displayed;

* annunciation may be automatic;

e diagnosis is displayed;

* suggested solutions (with effects) are displayed;

o corrective action is initiated remotely (time sensitir-e correc-
tions may be automatically initiated);

o equipment status is continuously and rapidly updated.

The usual method of responuing to the emergency worid be to initiate
corrective action remotely (that is, under computer control).
H-wever, if remote corrective action could not be initiated:

• a damage control crew would be immediately available;

o individual diagnostic information would be provided (mechanical
or electrical isolation);

o unaffected areas of the ship may be automatically controlled;

o change in ship equipment status would be rapidly updated and
may be announced;

e the capability for local manual operation would be provided.

A final analysis of battle stations, torpedo and missile, evolu-
tions indicated that the evolutions could be performed successfully
by the crew complement of 30 crewmen. The crew's support of battle
evolutions, torpedo is shown in Figure IIT-B-27 and battle evolu-
tion, missile is shown in Figure III-B-28.

III-l'i6
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C. ECONOMIC ANALYSIS

In this section we describe the economic implications of providing the
technology to augment the crew's capability to operate the submarine.
It will be noted that cost was included as one of the factors in the

- evaluation criteria to select the optimum degree of mechanization
* ~(sections B and C). Thus, the selection pricess establishes the best

balance of performance, availability, and cost. Cost is an important
factor and in the following paragraphs we describe the economic impli-
cations of adding automation to a new generation strategic submarine.

The primary objective of the study was to evaluate the feasibility of
applying new technology to the submarine to enhance its availability
on station. We achieved this objective through an optional allocation
of operation and maintenance functions to crew and machines. The

*economics of the study thus centered on investment cost for mechaniza-
tion and redundancy and on crew costs.

As shown in Figure III-C-l,the results of this economic evaluation
F substantiated the results of the system/cost effectiveness evaluation

in that the automation concept which corresponds to a crew of 30 is
the most cost effective based on a life cycle cost analysis. Further,
significant cost savings over a 25-year period--$3.7 billion in 1976
dollars--are indicated by this analysis. This result is consistent
with the economic results found in other applications of machine auto-
mation to assist operation and maintenance personnel.

Figure III-C-2 describes the study approach and the economic analysis

fuuctions we performed in the conduct of the study. The technicalLi study elements resulted in a point design concept for applying auto-
mation to the new generation submarine. It was established by apply-
ing a selection criteria that assessed the relative performance,
availability, and cost effectiveness of autumating detailed system
functions. From this selection evolved a point design solution for
all systems of the submarine.

*The economic analysis elements are shown to be a cost estimate, a life

cycle cost analysis, and a sensitivity analysis. The cost estimatingI was based on a set of ground rules and assumptions why"- defined the
economic boundary conditions and the cost elements and classes of cost
pertinent to the evaluation. The sources of data are shown to en-Ii compass all possible methods of forward pricing. These methods were
applied to various elements as appropriate.

The life cycle cost analysis consisted of evaluating the new design
submarine acquisition and ownership in terms of the cost elements
selected in the assumptions and evaluated the economic characteris-
tics over a 25-year planning horizon. The sensitivity analysis examined
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the sensitivity of the life cycle cost in terms of variation in crew
billet cost, investment cost uncertainty, and degree of automation
(and equivalent crew size). The following peragraphs discuss each
of these elements And describe the analysis results.

1. Assumptions

Assumptions provide the framework for estimating and modeling the
economic problem and defines the reference point for conclusions in-
ferred from the analysis. The objective of this analysis was to use

J, the 640 class submarine as a reference and to examine economic impact
of augmenting a crew capability with machine automation. The economic
analysis was not aimed at modifying the 640 class submarine, but to
infer from the reference economic data about a new generation submar-
ine. This means that the assumptions for estimating investment costs
do not consider refit or overhaul approaches, but rather that the de-
sign and integration of mechanization is an integral part of a
"new build".

The governing assumptions are listed in Figure III-C-3. As shown, these
establish schedule, types of cost, and economic factors such as esca-
lation/discount rates, fleet size and crew size. Most of these assump-
tions need no explanation. Those that deserve further detailing are
discussed in the folluwing paragraphs.

a., Schedule As shown in Figure lII-C-4,the 25-year planning
horizon was broken down into a 3-year development, 6-year production,
and 20-year ownership. Figure III-C-4 shows how these periods relate
in time and show how an assumed fleet of 40 new generation submarines
would be acquired.

b. Present Value - The analysis of costs is made in escalated and
discounted dollars (present value) using a 7% constant escalation and
a 10% discount rate. Present value provides the means for time weight-
ing the use of money and is required by DOD DIR 7043.1 for economic
evaluation of major new programs.

A seven percent escalation rate was chosen as a conservative es-
timate of aerospace and military labor and automation material. This
rate together with a 10% discount rate results in a bias of economic
advantage in the favor of large crew and no mechanization. This means
that if the results show a cost benefit in favor of machine augmenta-
tion, it will occur under unfavorable conditions. This approach
should in part cancel out tendencies to be optimistic about mechaniza-
tion costs.
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3 YEAR DEVELOPMENT, 6 YEAR PRODUCTION
S25 YEAR PLANNING HORIZON

* 20 YEAR OWNERSHIP

a EVALUATION BASED ON PRESENT WORTH

7% ESCALATION OVER PLANNING HORIZON
10% DISCOUNT RATE

* INVESTMENT COST OF DESIGN, DEVELOPMENT, PRODUCTION AND OWNERSHIP

SINVESTMEN COST INCLUDES LABOR, MATERIAL, ODC, G&A AND FEE--COST
TO GOVERNMENT

* CREW COST (1976) - $19,000/YEAR

e FLEET OF 40 SUBMARINES

* TWO CREW SYSTEM--300 FOR 640 fUBMARINE

e COST OF INSTALLATION ON BOAT ,4OT INCLUDED

e LIMITED CONTRACTOR ON SITE SUPPORT DURING 20 YEAR OPERATION

Figure 111-C-3 Coat EvaZuation Assumptions

Present value is defined as:

tKr -t
PV = i ert dt- V1 (I - r)

0
where V is current year cost and r is the discount rate. Table III-C-I
lists tie discount rates used in this analysis.

c. Cost Elements - As shown in Table llI-C-l, investment costs in-
: elude Jlabor, material and services, burdened with overhead, general

and administrative, and fee and also include estimates for other direct
charges (ODC) such as travel and computer time. These classes of cost
were applied to the cost elements shown in Table 11-d-2. This table
describes the work breakdown structure for estimating investment costs
for RDT&E, production and operations phases.
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Table III-C-i Present Value of $1 (Single Amount--to be used when
cash flows accrue in different amounts each year.)

Project Project
Year 10% Year 10%

1 0.954 14 0.276
2 0.867 15 0.251

, 3 0.788 16 0.228
4 0.717 17 0.208
5 0.652 18 0.189
6 0.592 19 0.172
7 0.538 20 0.156

8 0.489 21 0.142
9 0.445 22 0.129

10 0.405 23 0.117
11 0.368 24 0.107
12 0.334 25 0.097
13 0.304

Table ITI-C-2 Investment Cost Elements

Program Management C&DM, Planning and Control, Project Manage-
ment

Systems Engineering Requirements Definition, Specification Con-
and Integration trol, ICD Definition and Control

Oesign Mechanical, Electrical, Electronic, Structural

Manufacturing/Tooling/ Detail Manufacturing, Material Procurement,
Quality Control Assembly

GSE Design Mechanical, Electrical, Electronic, Structures

GSE Manufacturing/Tool- Detail Manufacturing, Material Procurement,
ing/Quality Control Assembly

Software Design/ Requirements Definition, Program Design, and
Development Test

Test Development, Qualification, Integration, and
Ship Trial

Reliability and Safety Reliability Allocation, FMEA, Hazard Analysis

Logistics Analysis and System Design for Transportation,
Maintenance, Spares, Training
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d. Crew Cost - To facilitate the economic analysis an average
cost of $19,000 per man year was used. This cost includes all DOD
attr:ibutable cost--an average mix of rating on a 150-man submarine.

I klut~ee basic pay, training cost, retirement cost, and re-enlist-
men , This average was arrived at based on a study of Navy
Milit:ary WMpower Billet Coat Data for Life Cycle Planning Purpoee8,
NAVPIERS 15163 and R-1790-ARPA, November 1975, The Economics of Naval
Ship Automation: An Analyaia of Propoaed Automation of the DE-1062.
ConsL•erable question exists as to the validity of an averate rate,
but i: concluded that this average was within +20% which is equivalent
to estimates of other cost elements.

e. Cost of Installation on the Boat Not Included - The study is
aimed at definition of mechanization of existing subsystems on a new
generation submarine and not conceiving totally new systems. As such,
the installation of the automation systems by the boat company would
bW only a small additional cost and this was judged to be insignifi-
cant in comparison with the design and production of the automation
systems. Cost of integration by the designer of the automation sys-tems was included as a part of the RDT&E and production cost based

on support to the boat company.

2. Cost Evaluation

Cost evaluation proceeded from a mechanization concept for the sub-
marine. This concept consisted of a point design solution described
in terms of block diagrams, description of the automation Tunctions,
and an estimate of the hardware and software required to implement
it. This concept definition was made for each subsystem and included
monitoring, control, diagnostic and redundancy requirements. Cost
estimates were developed for each subsystem based on these data and
then the central control computer capability was sized to accommodate
the aggregate of the subsystem requirements.

The initial cost analysis was performed on the single point design
which corresponds to a system requiring 30 crewmen. Subsequently,
a sensitivity of cost vs crew size was performed using the optimal
design as a reference point. Feasible combinations of subsystems
automation that corresponded to crews of 60 and 125 were defined
and their corresponding investment and crew costs were computed.
We also postulated a crew of 15 and configured the automation in-
crease that would be required to accommodate it. It should be noted
that the operational feasibility of a crew of 15 is questionable,
particularly from a damage/emergency standpoint. The only purpose
of this effort was to excamine the investment cost impact of going
beyond the optional solution which corresponds to a crew of 30.
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These data provided the means for defining the relationship between
investment and crew costs over a range of degrees of automation.
The methods and results of these efforts are described below.

a. Cost Equation - The life cycle cost model used in determining

the cost uf the point design solution is shown below.

C -C + C + C + C + (alohrcssonT 1 2 3 4 + 5 (alohrct.o-
sidered sunk)

C1  New equipment design/development cost

C-aProduction cost
2
C - Integration and support cost

C-Material and labor maintenance cost
4
5 New crew cost

The cost benefits are therefore the difference between C and the
150-man crew of the 640 submarine. The terms of the equation were
quantified using appropriate estimating methods. Mtajor hardware was
selected from existing equipment used in the fleet and quotes from
vendors were obtained. Where analogy could be drawn to similar de-
sign, development, or production costs, these were used. Other es-
timates were based on cost estimating relationships and bottoms-up
estimate constructions.

b. Cost Analysis Results - Coat estimates were developed for
each of the subsystems and these cost elements were distributed in
time streams as shown in Figure 111-C-5. In this development of cost,
the nucleus control system was kept as a separate "'new"~ system. This
system represents the command and control and computer capability to

Isupport the submarine subsystem monitoring, diagnostics, displays for
recommended action, and remote initiation of corrective actions.

The hardware estimated for each subsystem is shown in Figure
111-C-6. An noted on the figure, the nucleus central control in-
clu as executive and controls and displays software and each si.ý-
system is charged with its unique control software. A significant
difference in cost exists between the two ($26 per word for Executive
and Display vs $200 per word for Control software). This hardware
estimate was arrived at by surveying each subsystem design, identi-
fying additional automation, and the approximate number and types
of components required.
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clHabit-
Nucleus ability

Aatomation I ti ps and Defensive Strategic Auxiliary Navi-
Years Systec ku.ntrol Enirovmut Meapons Engineering Weapons Systems gation

1 1.8 2.03 0.552 1.14 2.62 1.74 2.85 2.03

2 1.92 5.5 0.727 2.55 3.16 3.89 6.37 2.33

3 15.97 15.42 13.44 4.56 15.64 15.34 11.39 2.79

4 16.00 14.59 10.82 4.43 14.31 14.74 11.07 2.30

5 15.49 11.79 10.82 3.99 13.76 12.53 9.89 2.18

6 -4.1 9.22 6.34 3.73 13.12 11.49 9.33 1.37

7 14.1 9.21 6.32 3.73 13.12 11.49 9.33 1.37

8 14.1 9.21 6.32 3.73 13.12 11.49 9.33 1.37

9 0.42 1.0 0.2 0.88 0.45 0.4 !.1 0.04
1.0 0.2 10.88 0.5 0.4 1.1 0.@4

1 0.62 1.0 0.2 0.88 0.45 0.4 1.1 0.04

12 0.62 1.0 0.2 0.88 0.45 0.4 1.1 0.04

13 0.62 1.0 0.2 0.88 0.45 0.4 1.1 0.04

14 0.62 1.0 0.2 0.88 0.45 0.4 1.1 0.04

is 0.62 12.0 0.2 0.88 0.45 0.4 1.1 0.04

16, 0.62 I 1.0 0.2 0.88 0.45 0.4 1.1 0.04

"0.62 0.2 0.88 0.45 0.4 1.1 0.04

18 0.62 1.0 0.2 0.68 0.45 0.4 1.1 0.04

19 0.62 1.0 0.2 0.88 0.45 0.4 1.1 0.04

20 0.62 1.0 0.2 0.88 0.45 0.4 1.1 0.04

21 0.62 1 1.0 0.288 0.45 0.4 1.1 0.04
2201 0.62 1.0 0.2 0.88 0.45 0.4 1.1 0.04,

213 ., 1.0 0.2 0.88 0.45 0.4 1.1 0.04
22 0.6 G.0 0251 04.0J.,.. 08 ,0.45a 0.4: 1.1 0.04

J0r. -.62 1.0 0.2 0.88 0.45 0.4 1.1 0,04

OTAL 103.82 1_._96 58.74 42.82 96.5 89.51 88.26 16.42

Figure, IIr-C~-5 Estimated InvestmenLt C~ost for Crvij of 30 Point Design inl 197e DOZZare
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r46

Casualty External
Strategic Auxiliary Navi- and Conmuni-

*eering Weapons Systems gation Sonar/ECH Damage cations Total

62 1.74 2.85 2.03 1.95 0.84 1.56 19.11
1.16 3.89 6.37 2.33 2.56 1.13 2.05 32.19

J.64 15.34 11.39 2.79 7.49 3.69 5.99 111.72

31 14.74 11.07 2.30 7.08 3.38 5.66 104.38

1.76 12M53 9.89 2.18 6.47 3.38 5.18 95.48

1.12 11.49 9.33 1.37 4.87 3.14 3.90 80.6
;.12 11.49 9.33 1.37 4.87 2.95 3.90 80.39

1.12 11.49 9.33 1.37 4.87 2.94 3.90 80.38
0.45 0.4 1.1 0.04 0.16 0.54 0.15 5.34

1.45 0.,1 1.1 0.04 0.16 0.54 0.15 5.54
1 1 0.04 . li 0.54I A I c

1.45 0.4 1.1 0.04 0.16 0.54 0.15 5.54
4.5s 0.4 1.1 0.04 0.16 0.54 0.15 5.54

p.45 0.4 1.1 0.04 0.16 0.54 0.15 5.54

p.45 0.4 1.1 0,04 0.16 0.54 0.15 5.54

ý.45 0.4 1.1 o.04 0.16 0.54 0.15• 5.54
0.45 0.4 1.1 0.04 0.16 0.54 0.15 5.54
.45 0.4 1.1 0.04 0.16 0.54 0.15 5.54

1.45 0'4 1. 0.04 0.16 0.54 0.15 5.54
J.45 0.4 2.1 0.o4 0.16 0.54 0.1s 5.54

.45 0.4 1.1 0,04 0.16 0.54 0.15 5.54

.45 0.4 1.1 0.04 0.16 O.54 0.15 5.54

,45 0.4 1.1 0.04 0.16 0.54 0.15 5.54
.45 0.4 1.1 0.04 0.16 0.54 0.15 5.54

.45 0.4 Y.1 0.04 0.16 0.54 0.15 5.54

.6 89.51 88.26 16.42 42.88 30.63 34.69 6198.23

Jww of3 Point Dr-isin in 1976 DoZ Zare (MiZZion.)
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_ _ _ _ _

Figute III-C-7 summarizes the investment cost (with nucleus con-
trol cost and damage control cost apportioned to each submarine

system) and shows the relative 3avings accrued from automation of
selected submarine functions. The figure shows original, crew costs
aud new crew costs for each subsystem. New crew assigamEnts were
based on where the majority of work aLsignments exist. Even though
certain subsystems show n. crew costs, appropriately trained personnel
are available from other areas for maintenance functions. Damage and
casualty control has been left off since there is no definitive way
of expressing savings. This subs-.,tem is a "red light" or emergency
function where all personnel on the submarine contribute as required
to restore the boat to a safe condition. The investment cost for
this subsystem is apportioned among the other subsystems.

The figure shows the relative ranking of cost benefits for each
of the subsystems. This ranking provides a guide to the relative
value gained by introducing automation to augment crew capabilities.
i1 should be remembered that the poini deuiu concupL i� InLegial
and cannot be arbitrarily considered sEparable. Crew sizing and
skill mix across all subsystems is consistent and only logical and
feasible variations ca;, be made. It would be tempting to divide the
savirgs by the investment cost and only elect to automate those sub-

systexm- having a good return on investment. This, however, is not
possible with the initial concept definition. Such an optimization
could be accomplished in a later definition phase.

The preceding data presented the point design cost in 1976 dol-
lars. Table III-C-3 presents the cost in escalated and discounted
present worth.

Table 111-C-3 Cost of Point Design (Crew af 30) sn Present Worth

Investment Cost Crew Cost
Subsystem In Present Worth In Present Worth

Central Control $ 91.98 $616.1 millions
Ship Control 77.17
Auxiliary Systems 71.7
Habitability and En- 49.84

vionmental Control 4
Defensive Systems 29,8
Engineering 80.94

* Strategic Systems 75.3
Navigation 14.3
Sonar and ECM 36.61
External Comm. 29.3
Casualty and Damage 24.13
Control

__$581.1 inilions

i 111-161
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Present worth weights the time value of money and in this case
weights heavily (see Table Ill-C-1) crew costs which occur in the
latter portion of the 25 year period of performance. The original
crew costs for the 150 man crew in present worth is $3,081 millions,
therefore the net savings is:

3,081 - (581.1 + 616.1) - $1,884 millions in present worth

and the return on investment is 4811 3.24.

This shows that the point design which relegates function to machines
that mechines can do best and functions to crew which they can do
best has a significant and positive value.

This data on the point design represents only one point and
therefore does not show hew automation and cost savings vary with

crew size which is a significant element of cost in the submarine
fleet ownership. in the following section, the results of a sensi-
tivity study are presented which show how the life cycle costs vary
as a function of crew size and other program parameters.

c. Sensitivity Analysis - The purpose of the cost sensitivity

aralysis is twofold--to determine if cost as a function of crew size
substantiates the point design corresponding to a crew of 30 was
sptimum, and to dttermine if uncertainty factors in the analysis
would significantly impact the conclusion that the point design so-
lution repr&sented a large cost benefit over a 25-year planning
horizon. The selection approach used to synthesize and size the

mechanization of subsystem elements and size the crew to 30 combined
system and cost effective considerations. This approach showed the
crew of 30 concept yielded the greatest total effectiveness. To es-
tablish thn sensitivity of cost savings to crew size, feasible combi-
nations of subsystems within the point design which corresponded to
crews of 60 and 125 were identified and the investment and crew costs
for these combinations were computed. The subsystem combinations used
are shown in Figure :1I-C-8.

Two candidates were found for a crew of 60 which satisfied the
requirement of tha functional task analysis. The equipment comple-
ment for these configurations is shown in Figures ITl-C-9 and -10.
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I Crew Size Subsystems Automated

125 Engineering

60 Ship Control
Navigation
External Communications
Engineering
Auxiliary Systems

60 Ship Contrul_
Navigation
Auxiliary Systems
Habitability and Environment
Strategic Systems
External Communications

Figure III-C-8 Automated Subsystems for Crews of 60 and 125i'

Soft- Actua-
ware** Proces- tors/ Displays

Computer* Words sors Controls Sensors *** Monitors

Central *Automation 1 40,000 ... •:
System.:i

Engineering 5,000 3 200 320 ID 500

Hardware and software estimates are in addition to those in the 640 reference
configuration.

* AN/UYQ-20
** Central automation display includes executive and display software;

subsystems include control software
* OJ-326(U)/UYK--S = single display; D = double display

Figure III-C-9 Hardware and Software Estimate for Cost Analysis -

Crew 125

To investigate the life cycle cost effects of a mechanization
greater than the point design (crew of 30), we determined the impact
on investment for a hyp~othetical design which used a crew of 15. Thl,
configuration is hypothetical because analysis showed that 15 men could
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4

Autoatin .
4- 4-e eri0 to0 503: 0 a t SnO- 0 4-

4-O 1- E

o ~ 0 U 0040

EQ "
Cenitral
Automation 120,000 -I

System

Engineering -5,000 3 200 320 1D 500

Ship Control 5,000 3 150 300 ID 2

Navigation 2,500 1. 75 - 100

___ _ ___'_L

Auxiliary . 4,000 233 iD 400Systems ____ ______ _____ _____ _________-

External -_4_000_ 45

Communications

* AN/UYQ-20
•* Central automation system includes executive and display software; sub-

system software is for control
*k* OJ-326(U)/UYK--S = single display; D = double display

Figure TII-C-1O Hardware and Software EstimatG for Cost Analysis--Crew 60

not efficiently man the submarine, particulary under emergency condi-
tions. Figures II1-C-lI and -12 shcw the relative increase in equipment.

In addition to hardware impact evaluation, the adlitional cost for
RDT&E, production, operations, and support was considered. The crew
costs in this initial analysis were held constant at $19,000 per man
"year. The resulting cost data were plvttad-as two separate terms--

' investment and crew cost. The sum of thase two terms representý raw--

pected program life cycle cost as a function of crew size as shown in *1
Figure IIi-C-13. Thin curve shows that the minimum life cycle cost (LCC)
occurs at about a crew of 30, thus substantiating the results of the
evaluation used to select the poinr design solution. Tho investment
curve has a characteristic shape seen in most automatiou problems, It
is obvious from the shape of the LCC curve that design solutions equi-
valent to crew sizes lEss than 30 are not cost effective since the
same value LCC can bL obtainec at a design equivalent to a larger
crew where the only difference is the ratio between investment and
crewi costs.
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* ' This curve provided one additional important piece of data. The
reference 640 crew size was 150 and the total LCC for this point on
the curve is $3,081 millions in present worth. The difference between
this value and the LCC for any crew configuration is the potential
savings. For a crew of 30 this savings is:

150 Crew Configuration $3,081.0

30 Crew Configuration 1,197.2

Savings over 25 years $1,883.8 millions

This shows that potentially a more realistic division of work functions
with increased redundancy between automated systems and crew can re-
sult in significant savings in weighted dollars. The same results in
1976 dollars are more dramatic, but less meaningful since this does
not consider the time value of money:

1976 Dollars (in millions)

150 Crew Configuration $5,700
30 Crew Configuration 1,3

$3,762

To further examine the validity of the cost data we observed that
because of the early stage of maturity of the concept definition,
the cost estimates have a high degree of uncertainty. Table III-C-4
shows estimating accuracy as a function of various states of design
maturity. The studied area identifies the accuracies associated with
this analysis.

Judgment indicated the best approach to evaluating the sensitivity
in light of the concept maturity was to determine the effect of doub-
ling the investment cost. The data presented in the curve is more in
line with a more in-depth concept study. The resulting LCC for double
investment cost is shown in Figure 141-41-14. The miniMuM ,.. C poi.nt
changes slightly (to 42 crewmen) which is well within the accuracy of
the pUoiUL design.

Next we examined the crew cost term of the LCC equation. The
average of $19,000 per man year for a 150 man crew would not neces-
sarily apply to a new crew of smaller size. The ship manning require-
ments would move to higher ratings and more skilled personnel. To
determine the sensitivity tu changes in average rate, we assumed the
rate would vary linearly from a crew: of 1 to 1A and assumed the aver-
age would double over this range, i.e., $38,000 to $19,000 per man

"* - i11-169
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Table III-C-4 Estimating Accuracy
Estimating ')
Estimatcng Design Maturity Status
Approach

New Design Existing Design
Major Minor Off-the-

i* 2** Mod. Mod. Shelf

General CERs +100% +50% +50% +50% +50%

Specific
Applicable +50% +15% +15% +15% +15% 1*
CERs

Point Design +30% +15% +10% +5% +5%
Estimate .....

Analogy to
Existing +20% +10% +10% +5% +5%
Design

Vendor Quote +20% ±10% +10% +5% +_5%

* Some design features either pushing or exceeding state of the
art

** New design using existing state of the art technology

year as shown in Figure III-C-15'. The resulting impact on the LCC
vs crew size is shown in Figure III-C-16. Again, this verifies that
the crew of 30 represents approximately the right value for minimum
LCC and conversely, maximum savings over the 640 reference config-
uration. It is obvious that the assumed variations in minimum LCC
due to uncertainty in investment cost and crew cost do not change
the decision that the point design equivalent to a crew of 30 isnear optimum and that the expected savings are as indicated.

The estimated cost for the point design solution in 1976 dollars
is shown in Figure III-C-17. Noted on the tzgure is the percentagesfor the program cost components. These ar, shown below compared to
the average cost breakdown for major weapons systems.

Operations
Development Production and Support

Point Design 5% 33% 62%

Weapon System 15% 35% 50%
Average
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These are in sufficient agreement for the state of maturity of the
concept definition.

In summary, an orderly and met:hodical economic analysis substan-
tiated the evaluation and selection results used to select the de-
Srees of automation for .ach subsystem and to define a mechanization
concept which established at, allocation of submarine functions be-
tween machine automation and crew. This balance between automation
and crew resulted in a crew of 30 with the same officer complement
presently used to man the 640 submarine sensitivity analysis substan-
tiaced the economics and showed potentially large life cycle cost
savings over current crew costs could be achieved by an Integrated,
systems approach to the design of a new generation submarine.

A

1 1
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IV. CONCLUSJONS AND RECOMMENDATIONS

A. CONCLUSIONS

A crew of 30 officers and men interacting with computers via controls
and displays provides the OOD and EOOW more information, diagnostic
capability, and control capability than currently exists in the base-
line SSBN.

Other advantages of the new generation SSBN when compared to the
baseline SSBN are:

(a) It makes less noise;

(b) redundant equipment minimizes system failures;

(c) computerized data transfer eliminates communication problems;

(d) automated response to emergency situations minimized casualties;

(e) response to casualty situations is prompt and efficient;

(f) mechanization could allow submarine to be made smaller and
faster;

(g) smaller crew complement permits large scale improvements in
haoitability;

(h) human error potential is minimized;

(i) equipment otandardization can be utilized;

(j) choice of op, rating cycles is varied;

(k) in-port maintenance time can be predicted and scheduled; and

(1) more efficient personnel usage contributes to higher job satis-
facaicn.

Our study shows that present-day technology readily permits themechani7.ation of many of the submarine subsystems. So'lid-state
integrated circuitry has reached the state where thousands of hours
of failure-free life may be expected from currently available equip-
ments. Use of redundancy techniques further assures that a component
can fail without degrading operation of a subsystem. Redundancy

IV-i
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improves availability such that the new generation submarine could
stay on station for periods up to one year. Automatic failure re-
porting enables the faulted part to be readily replaced or repaired
and the subsystem returned t. its "fail-operate" status. This re-
pair can easily be made at sea. The utilization of computers and
m4 croprocessors permits the design of automated equipment to relieve
man of mundane or repetitive operations and either takes over for
him or provides him with recommendations for operation during unusual
(casualty) conditions. The computer can operate under stress condi-
tions faster than man and without errors. Implementing these concepts
would save several billion dollars in life cycle costs when applied
to the strategic submarine force.

B, RECOMMENDATIONS

It is recommended that the man/machine interactive concept presented
in this report be implemented. A three-stage development plan span-
ning seven years is recommended with assessment of the success on a
yearly basis allowing declsions to continue or terminate the project.
A schedule to accomplish the activities is presented in Table IV-B-l.

The schedule is conservative and could be shortened if desired. No
great expenditure of funds is required in any but Stage 3, thereby
minimizing the cost risk of the project. The three stages are:

r _Stage 1

Establish that a submarine can be automated by demonstrating the
replacement of a manual operations with computer-controlled opera-
tions using a laboratory mock.up.

* Select scenarios; e.g., cruise, strategic and tactical
operation, with both a nominal and a damaged boat.

e Write the equation of motion which models the boat and
its systems; derive the control laws to automate the
systems--formulate in computer language.

o Build the control and display station; program the soft-
ware in computers so a closed loop model is achieved.

* Design a series'of simulated boat exercises; for example,
ships control system, strategic weapons system, and de-
fense weapons systems.

IV-2
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* Demonstrate the automatic action by having a submarine
officer initiate, monitor, and alter tho exercises while
operating from the control and display cousole.

Stage 2

Gain user acceptance by choosing a test submarine for modification.
The boat selected could be one which is entering its normal five-
year overhaul time or one which would normally have been replaced
by a trident, or by use of one of Lhe test program tactical boats.

* Sele'ct a major system of the submarine for automation;
e.g., ships control:

- submerging and surfacinag,

- buoyancy (trim, depth, and drain),

- steering and diving.

e Design the computerized system.

o Build it into the selected submarine.

"a Conduct see. test.

e Demonstrate man/machine interactive operation.

Stage 3

Exercise option to modify current SSBNs or complete the design of the
new generation SSBN applying this concept.

C. ADDITIONAL TECHNOLOGY ISSUES

As a result of the analysis to determine the concepts and design
criteria for a new generaticn submarine several technology areas
were identified whcrc further development is udeemd advantageous.
These areas of new technology ae discussed in the following para-
graphs.

(1) Coatrol of the new generation submarine is based on central-
ized operation from the Ship Control Console. Multiple CRT
displays are proposed to present status and operational data
to the OOD. Additional study must be done in the design of

IV,-4

I/



,his console to minimize operator fatigue in watching these dis-
plays; also the best method of alerting the operator to changing
or alarm information must be deLermined. Optirization of the man/
machine interface must be accomplished. The nature and format
of wbat information is displayed on which CRT must be determined.
The TV display from a Type 18 periscope should be incorporated
into the 7onsole.

(2) The proposed centralized ship control station utilizes a dis-
tributed pro.cessor system controlled by a master computer.
Further investigation should determine the exact configuration
of this mas,:er computer to assure maximum use of this computer.
Various redundancy techniques should be studied to provide high
computer availability.

(3) Communication between the master computer and the locally posi-
tioned satellite computers is by data bus. It is believed
desirable that redurndant data buses be used. Further study
should be performed to determine whether conventional co-axial
ccable or fiber optic light pipes should be used in this trans-
mission path. Consideration should be given as to the nature
of redundancy of the data buses.

(4) Preprogrammed microprocessors have been proposed as the satel-
lite computers. Additional study should be done on their
acceptability to gather data and issue control orders on com-
mand from the master computer in the submarine environment.

(5) Further design on the triple redundant majority voting LSI
Device Controllers should be undertaken to prove its accept-
ability for submarine use.

(6) Present external communication techniques must be improved.
Loss of communication reduces the submarine's availability.
Determination of "windows" in the sea water, new antenna
design, error correcting codes, and automated message process-
ing should all be investigated.

(7) Automation of sonar techniques should be developed enabling
the computers to identify specific ships or other objects from
their sonar signature.s.

(8) Standardization of power voltages and frequencies should be
reviewed. The use of 400 cycle power will reduce the size
of components. DC to AC converters are now highly efficient
and reliable. Their use in conjunction with the ship batter-
ies could minimize DC requirements.

IV-5
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(9) New concepts in pneumatic/hydraulic!electrical actuators should
be studied to improve reliability and m~nimize the need for
high pressure control lines.

(10) Utilization of the ship's computers for trend analysis, failure
reporting, inventory control, and other record keeping functions
should be studied.

S(11) The smaller crew complement required should make more space
available and effective utilization to improve crew quarters
should be investigated.

It is further recommended that investigation into the additional tech-
nology issues listed in Table IV-C- 1 is warranted. Each one is an area
where improvement in a design or an increase in knowledge of physical
limitation would lead to more effective submarine operation.
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"Table IV-C-j Additional TeohnoZogy Isaues

1. Covert message acceptance with no operational constraints.

2. Command and control validation of messages.

3. Sound isolation mounts.

4. Propulsion plant efficiency.

5. Steam generator corrosion.

6. Battery charge/discharge characteristics and lifetime.

7. Shaft torque limits (properller drive).

8. Casualty )ensirig detectors.

9. Secondary velocity sensor (non-inertial).

10. Covert navigation fix capability.

11. Covert heading fix.

12. Message copy capability.

13. Passive sonar detector (bandwidth and discrets frequency).

14. Target motion analysis determination (with limited input).

15. Hydrodynamic flow restrictions.

16. Control surface floW cavitation limitations.

17. Atmospheric detectors/analyzers.

18. Human atmospheric tolerance bounds.

19. Food storage.

2O. Trash disposal.

21. Radiation detectors and human tolerance.

22. Heat transfer capabilities versus size of heat exchangers.



S" APPENDICES

I. DESIGN CONCEPTS

A. CENTRALIZED CONTROL

Current submarine design concepts rely heavily upou manually performed
or manually initiated tasks. Our study has indicated that mechani-
zation of a selected number of these tasks would improve submarine
operation and improve system efficiency.

The study has shown that a minimum sized crew could strategically
operate a mechanized submarine. To accomplish this, selected opera-
tional information and control capability would be centralized in a
control console manned by the Officer of the Deck (OOD). An addi-
tional manned console to support engineering plant functions would
be operat.ed by the Engineering Officer of the Watch (EOOW). Other
consoles, normally unmanned, are provided for use in special stra-tegic or tactical situations. Figure A-I-1 shows the physical

concept of ship mission control capability.

A computerized system is suggested to achieve the centralized
control discussed above. Figure A-I-2 presents a block diagram
of a candidate centralized ship mission control system.

A distributed computer system design concept has been selected to
allow the main control computers the maximum opportunity to support
the OOD and EOOW. Distributed computers perform functions as com-
manded by the main computer. The distributed computers execute
checklists, check equipment status, make decisions, actuate control
devices, and collect data, which is filtered to remove unwanted,
unnecessary, or routine information before being transmitted to
the primary computer. This reduces the functional control activity
of the main control computer, allowing maximum time to be devoted
to the system management and support of the console and its dis-
plays.

The OOD and EOOW may select the desired level of operator/computer
lejaclion. Basic levels ofu inLracLlu. . ate Lu IVuofifaad tLhe
individual action, subfunction, function, or mission segments to
be performed. For each level of interaction the computer system
provides controls and displays with the appropriate level of detail.
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t ENGR. PLANT CONSOLE CENTRAL CONTROL CONSOLE

:: ! CRT

CONTROL

"-V4 -BUTTONS4F. KEYBOARD
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PRESURE L DEVICE DAT BUS CONTROL UI w DEVICE •- / VALVES

DEPTHHYDRAULIC RAMS

C.OURSE SERVO AM4PLIFIERS

ETC ETC

TO/FROr

OTHEK REDUNDANCY WILL BE PROVIDED TO
CONTRG, ASSURE FAIL-SAFE FAIL-OPERATE
COMPUTERS CONDITIONS

SHIP CONTROL SONAR & E04
ENGINEERING DEFENSIVE WEAPONS
NAVIGATION STRATEGIC WEAPONS
AUXILIARY ENVIRONOENTAL
COMI4UNICATIONS

Figure A-I-2 Ships Mission Control System
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B. REDUNDANCY

Redundancy techni+.es and use of highly reliable equipment and
components will assure high availability of the systems. Fiure
A-I-3 shows the basic redundancy concept to increase time on
station. Equipent failures do not resvilt in system failures.
Backup equipment automatically takes over through internal test
algorithme, programed to detect iminent failures. Svitrchover
to the. parallel redundant equiLpmnt takes place with the "about-
to-fail" hardware placed off-line.

SEquipment failures do not cause subsystem failures.

9 Low KTBF component modules are configuy.ed in parallel redundancy
and voted.

a System still functions if mndules fail.

* Failed modules are put off-line and replaced or repaired bj the
crew.

9 Repaired modules are easily retirned to the system.

Figure A-I-3 Increased T ime on Station through Redundancy

Standby redundant display -nd main cntitprq rp. ut.'1`Iznd.
(Appendix I-D errlvates conputer configurations and provides the
rationale for this selection.) It is suggested that three Ident-
ical comruters each be Q.ed for ship control and display management.
Two of the three are active at any given time rhi.le the third is a

"cold standby" (unpowerdd) condition. In order to assure the

(4
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fail-operate requirement for key functions, one machine is program-
med to check the other. If the check fails, the standby machine is
turned on to take over the functions of the #1 processor. Similarly,
check parameters are sent to locally distributed microprocessors
from the main computers and memory so that control over standby
circuits in the microprocessors is maintained.

Redundant data buses provide the communication links to the locally
distributed microprocessors. These m~tcroprocessars, in response to
conminds from the main control computer, gather data or activate
controls. Results are telemetered to the main control computer.

Martin Marietta is developing extremely reliable microprocessor
oriented units suitable for use as the Device Controllers. These
device controllers receive data over three redundant data buses
and majority vote the signals to assure proper command interpreta-
tion. At least two out of the three signals on the buses must be
the same for a command to be implemented. Control over device
controller redundancy circuits is accomplished by routine limit
checks carried on by its controlling microprocessors.

A failed computer, microprocessor, data bus, or device controller

is automatically determined, and placed off-line. The failure is
annunciated on a CRT. A subsystem will continue to operate in a
normal manner with only two of the triply redundant units in opera-
tion. Under emergency conditions, a system can be forced to operate
with only a single computer, microprocessor, data bus or device
controller operable for an element.

Figure A-I-4 shows the basic control system.

C. SYSTEM COMPONENTS

Component items of the New Generition Submarine's Ship Mission
Control System include:

Hardware

* Parallel redundant subsystem modules

* Computerized fault isolation

* Computerized module switching

* Redundant data buses

A-1-5
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e Sensors throughout the ship
e Control and display consoles

Software

* Servo control of most ship sybtems

e Mission control for ordered segments

* Combat analysis

* Combat control (option)

e Display driver and formatting

e Diagnosis and alerts

9 Running status of all boat hardware, trend and failure analysis

e Sonar control and data diagnosis

s Intraboat communication

e Automatic message processing

* Redundancy management, self-check, and cross-check logic

Man/Machine Interactions

I Central control console

* Engineering plant console

9 Evaluations initiated individually or in sets

* CRTs display

* CRTs display status of all subsystems

* Caution and warning alert annunciation

* Automatic priority interrupt for C&W

e Control via keyboard, hdnd cont ollers, switches

* Dedicated readouts where desired

A-I-7



* Video monitoring on demand

e Printer

Crew Functions

L e Decisions

e Console operators

r a Respond to alerts from computers

e Hand operation of specific systems

* Override computerized functions

* Replacement of modules put off-line by computers

e Preventive maintenance

e Inspection when indicated

* Damage and casualty operation

1. Display and Control Consoles

j The command and control functions are performed at display consoles
utilized as the Central Control Consoles, Engineering Plant Consoles,
Sonar Consol~e, etc. These items, while new to the New Generation
Submarine, are readily configured from the Navy's 0J-326 (V)5/L'YK
Standard Information Displays (SID). The SID is a modular, multi-
function digital display utilizing plug-in comp,-)nents and program-
mable assemblies which can be combined in a variety of ways to meet
current as well as future operational requirements. The SID Display

L Console OJ-326 provides a 13 x 10 inch useful area on a high quality,
high, high brightness CRT. The upper IP-1181 display utilizes a
similar 10 x 10 inch CRT. The SID console is capable of displaying
a wide variety of text, graphic, tactical, and surveillance dataii for monitor and concrol applications. (The SID system is based on
the technology introduced with the M4K 81 M~od 0 Weapon Control

U Console. already in production and environmentally qualified for
submarine applications.)

2. Computers

The computer controlled New Generation Submarine as proposed will

use standard Navy computers s~uch as the AN/UYK-20(V) as the Display
Data Processor and the Main Ship Control Computer.

A-1-8



The AN/UYK-20(V) is a general purpose, militarized, high speed mini-
computer with great computing power in a small, ruggedized package.

rL
It is designed to meet the requirements of submarine installation
and operation.

3. Data Management;

The physical configuration of a submarine suggests the use of a
distributed computer system in the implementation of data management.

Main computers are located in the Control Center and at the Engine-
ering Plant. Satellite command and control microprocessors are
strategically located throughout the ship near the devices they
control.

In the past a "central hub" approach to data management has been
used. Its mechanization, as its name suggests, is to bring signals
.:om a central station to control stations located throughout the
aip. Its most significant feature was, literally, miles of wire

and a large number of individual interface boxes for each function
at each control station.

In our conceptual design of the new generation submarine, we are
recommending a serial data bus approach to a distributed command
and control system. From the control centers computer(s), high
speed data buses are used in a party-line manner to request and
transfer information to local microprocessors (mPs). All APs
monitor the data bus (or redundant buses) and determine whether
or not a message is for him. If it is, it performs the requested
action and responds via the data bus to the central computer.

High speed data transfers, at one million bits per second, enable
each device to think thit it has the full attention of the computers.

Advantages of this data management technique are:

e Significant savings in dasign, integration, and testing;I I e Ease of refurbishment, rework, and addition of future improve-
menits;

* Reduction in total numbers of wires;

9 Reliability readily improved through use of redundancy;

9 Standard interface hardware used;

A-I.-9



9 Functional flexibility through simple software changes.

It is suggested that the data formats as defined in MIL-STD-1553A
be used in the transfer of data between the central computers and

the local microprocessnrs.

D. COMPUTER CONFIGURATIONS

1. Introduction

This report lists several computer configurations studied to provide
automation and control on a New Generation Strategic Submarine.

The fundamenLtal design requirement of the computer system is to

provide information and control of the submarine to the system
operator. All submarine functions are to be performed: by the crew
with varying levels of computer assistance. The use of a computer
system provides centralized control of actions to be completed
throughout the submarine.

The most important computer system interface is between the computer
and system operator. Several distributed computer system design
concepts have been configured to allow the Ship Control Computer
the maximum opportunity to support the system operator. Distributed
microprocessors perform functions as commanded by the Ship Control
Computer. The distributed microprocessors execute checklists,
check equipment status, make decisions, actuate control devices, and
collect data, which is filtered to remove unwanted, unnecessary, or
routine information before being transmitted to the Ship Control
Computer. This reduces the functional control activity of the Ship
Control Computer, allowing maximum time to be devoted to the system
operator interface.

Figure A-I-5 shows the basic computer system configuration. Figure
A-1-6 shows an alternative configuration.

All of Lhe WuuCeptual distributed computcr .y.tems are designed
for at least fail-operate/fail-safe operation. Mechanization of
the main computer--the Ship Control Computer--is either triple
redundant, dual redundant, or standby redundant to assure high
systes reliability. The system operator is informed of all mal-
functions and system switchouts so that repairs can be made by the
maintenance personnel to restore redundancy. The Ship Control
Computer orchestrates the performance of each microprocessor,

A-I-10
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transmitting commands and collecting data for display to the system
operator. Each state-of-the-art, solid-state microprocessor is
either dual or triply redundant. nrovldinq hiub reliability at lowI
cost. Failure of a microprocessor is diagnosed and the failed
microprocessor is automatically bypassed, allowing normal system
operations to continue without interruption.

Besides physically controlling the submarine, the. computer system
will assist the system operator by presenting "off-line" information,

trend data, damage control status, training information, medicalf
diagnostics, or other displays, many with computer predictions or
recommended courses of action, all designed to enhance the ability
of the system operator to control the submarine.

2. Ship Control poMauter Configurations

The Ship Control Computer will control submerging, surfacing, buoy-4
ancy, steering, speed, and the engineering plant. It will also
receive applicable data from the Ship's Inertial Navigation Systemj
(SINS), Weapons Systems, the Naval Tactical Data System (NTDS),
Communications System, and from the Sonar System. Data will be
displayed and Ship Operating Commands will be received on the
Operations Console.

a. Configuration 1 - This configuration for the Ship Control
Computer uses three separate active computers each with its own
memory. Synchronization of the three computers is external to the4
computers using special purpose logic. The synchronization logic
assures that each computer is performing the same programmed function.
The synchronization logic assures that output instructions are re-
leased simultaneously to the output command buses and the micro-
processors. Figure A-1-7 shows the synchronizing circuitry in block
diagram form.

The three computers run from identical software programs. Program-
ming is "somewhat" complicated as the necessary "wait" steps for
synchronization must be included in the programming.

Failure of any one of the computers will not effect operation and
r L he MyMLem will continue to run without a "glitch". The system

can continue to operate, with operator guidance, on only one com-
puter.

b. Configuration 2 - This configuration provides dual
redundant computers. Operation is similar to configuration 1

A'-1-13
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(after the first computer has failed). A third identical computer
is provided in a "cold standby" (unpowered) condition as a spare.

Synchronization logic provides an output if both on-line computers
issue the save command. Should the computers not issue the same
command, the computers are forced into a self-check mode and the
"correct" computer is allowed to issue commands under operator
guidance. Two data buses, one per computer, are provided to control
the microprocessors. This configuration sacrifices some reliability
at the cost savings of one compute and several microprocessors.

c. Configuration 3 - This configuration also uses two computers,
but with only one of the computers in control. If the active com-
puter in control should fail a self-check that is periodically
performed, the second computer automatically takes over control.
External synchronization logic assures that the second computer
keeps up with the first such that it can take control if the first
computer fails.

d. Configuration 4 - This configuration is similar to 2 or 3
with the exception that both on-line computers share the same dual
ported memory. Memory reliability is such that these configura-
tions are worthy of consideration. Synchronizing logic is minimized.
Operation is similar to either configurations 2 or 3. Maintenance
on a disabled computer is a problem and, thus, this configuration
is not recommended.

e. Configuration 5 - This configuration uses a single "fault-
tolerant" computer. Such a computer is presently being developed
for the military. This type computer ir in reality redundant
computers with fault detecting and error correcting logic packaged
in a single enclosure.

3. Control Bus to the Microprocessor

The physical configuration of a submarine suggests use of a dis-
tributed computer system to provide the ship's data management
system. The suggested distributed data system consists of AN/UYK-
20 type ailuicompuOeULs aL e CtUiLil CunLiuUl Cuatiule tud Lhe Euitgi-
eering Plant Console with locally located microprocessors placed
at appropriate action centers.

Redundant control buses provide the intercommunications between the
main computers and the satellite microprocessors. Commands over
these buses will cause the microprocessors to issue specific commands
or fetch data or status information.

A-1-15
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4. Microprocessors

Microprocessors (MPs) will control and monitor specific device
controllers. The Ps will execute comnands and gather data on
coTunard from the main computers. Depending on the selected con-
figuration of the main computers, the 1Ps will be either triply
or dual redundant.

The redundant MPs will verify all commands from the Ship Control
Computers prior to executing them. An about-to-fall or malfunc-
tioning AP is automitically removed from its on-line position with-
out affecting system operation.

Figure A-I-8 shows the operation of redundant microprocessors.

5. Data Bus

Input and output signals be2-ween the microprocessors and the control
devices are transmitted in serial code. Standard large-scale
integrated (LSI) circuit modules are readily available to process
this data, A suggested data transmission method over the serial
data bus is shown in Figure A-I-9.

6. Control Devices

The use of existing submarine control devices and actuators is
proposed. A majority vote control circuit will be placed adjacent
to each control device. This circuit will monitor the control bus.
Upon detection of a valid control sigial on at least two out of
the three control buses for that device, it will initiate the
requested a,'i-ion.

The control circuit will utilize high reliability semiconductor
circuits. The control circuit module will be identical for all
devices to minimize spacing and eas maintenance. Figure A-I-10
shows a suggested block diagram of this control circuit.

All the computer syL.:em configurations studied provide for fail-
operate/fail-safe operation. Further study is suggested to

determine which computer subsystem best fulfills the new generation
submarine.

S " A-1-I6
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II. MISSION CONTROL

A. CONCEPT

The basic Ship's Mission Control concept presented in this appendix
involves a central executive software structure under the direct
management of the officer in control of the submarine. This execu-
tive structure is driven by a .tored mission profile in the form of
tables of time-orderee command (e.g., position, attitude, velocity,
events) leading ultir- ely to ship control activities such as maneu-
vering, steering, diving, and surfacing. The officer can treat this
as a means of implementing mission plans on either a near-real time
or long-term basis (i.e., minutes vs days), or it can be overridden
in response to changes in plans or emergency situations. The under-
lying assumption is that the officer of the deck might choose to
conduct certain phases of ship control in the same way an airline
pilot does when he chooses "automatic pilot".

The executive structure logically governs access to subordinate
software modules, where sequences of control commands (e.g., control
plane deflections, sea water pumping rates, etc.) are generated in
such a manner as to satisfy the missiun profile. This is accomplished
by setting up and maintaining logic flags, relying heavily on infor-
nation returned from the subordinate modules as to the status of
various ship control sequences under way. By manual input of these
flags, the officer in charge can override programmed activities and
gain ship control to whatever degree required.

B. SOFTWARE ORGANIZAlION AND FLOW

The executive logic of Figure A-II-I is cycled through at a fundamental
frequency great enough for all control activities (possibly every
.5 sec), wiLh the time reference being GMT or some other suitable
choice. Briefly, the activities during each pass are as follows.

The mission profile, residing in computer memory in the form of
tables of navigation, and ship control commands, is first accessed,
and required updates made accordingly. These reflect nny changes
manually entered subsequent to the previous pass.

A-II-I
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C. SOFTWARE DESCRIPTION

The executive logic will first be discussed in some detail, followed I
by descriptions of the individual modules. Emphasis will be on basic
concepts, rather than on implementing detail.

1. Executive Structure

Reference should be made to Figure A-II-l when reading the following
description. I

a. Initialization - At initial time t , which can be when
leaving port or at any other convenient time or times during the
mission, various flags and parameters are preset. Those pertinent
to the present discussion are identified in Table A-II-I; others would
be added as the software evolves.

b. Mission Profile - This consists of tabular data residing
in the computer memory as arrays of time and index sequenced navi-

gation and ship control commands. They will be described in the
appropriate discussions of individual software modules. In the
initialization pass, data for these arrays are read in from a Mission
Profile tape. During each computing cycle these tables are accessed
to provide values for the variables, parameters, and control flags
actually utilized by the various modules. At any time the officer
in charge can designate additions or changes to the Mission Profile
tables. These are incorporated into the tables at the start of the
first computation cycle following his setting of the flag MODPROF.

c. Navigation Module Access - The Navigation Module is accessed
at a low frequency whenever the officer in charge exercises this
option by setting NAVFLG to TRUE. There the current values of the J
arrays 0c' ec, TGUID, PI, P2. . . . . are processed to compute andi
return values of VR anax c which override the values read from the
VRc and Xc arrays in the previous step. NAVFLG can be manually
reset to False at any time, in which case the 0c, 9c, TGUID, PI, P2'
.... arrays are used no where by the software.

d. Programmed Surfacing and Submerging Logic - These activities,
when and if desired as preprogrammed maneuvers conducted in accord-
ance with all prevailing constraints, are scheduled through the time
arrays TSRF(L) and TSUB(M). In any cycle when time has reached the
next scheduled surfacing time TSRF(L) flags are set to initiate the
surfacing sequence in either the normal or airless modes, in accord-
ance with the mode flag MFLG. Similarly, when time has reached the

44-
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STable A-rI-i Arrays, Logic Flags and Farmneters, Etc.

SYMBOL DESCRIPTION PRESET VALUE

MODPROF Flag manually set for reading in F
modifications to Mission Profile
Tables.

NAVFLG Flag manually set for assessing F
module NAV.

Vc(t) Velocity command array.

Xc(t) Azimuth command array.

D (t) Depth command array.

0 (K) Latitude command array.

9 (K) Longitude command array.

TGUID(K) Time command array.

Pi(K) K = 1, 2, Guidance Parameters

K Index for k 9, TGUID, PiCýc C

TSRF(L) Time to surface array

ASFLG(L) Airless surface flag array

L Index for TSRF and ASFLG arrays

TSUB(M) Time to submerge array

M Index for TSUB array

1, @, 0 Evler Angles defining ship atti-
tude

VW Measured water-relative velocity

V Wc Commanded water-relative velocity

VR Planet-relative velocity

Dp, DPL Upper and lower values defining
u L periscope depth range.

A-II-5
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next scheduled submerge time, TSUB(M), a flag is set to initiate the
normal subm-'ging sequence. Either schedule can be simply suppressed
or reactivated by manual input. The officer in charge can initiate
an unscheduled surface or submerge sequence by manually setting the
flags SURFLG and MFLG or SUBFLG, rtspectively. Or, rs will be discus-
sed later, the maneuvers can be directly accomplished by manual over-
ride of appropriate controls.

Software-.3equenced maneuvers are based on three regimes--surfaced,
for which CRSFLG is set TRUE; submerged, within periscope depth
range, for which CRPFLG is TRUE; and submerged, below periscope
depth range, for which CRUFLG is TRUE.

This permits the use of regime-dependent sub-sequences and control laws
for both surfacing and submerging. In practice, however, the second
ragime may exist during a maneuver only momentarily as the ship passes
through the periscope depth range.

e. Control Module Accesses - Plane and Veicity Control and
Depth Control Tank Control are high frequency modules, with Variable
Ballast Tank Control and Center of Gravity Control leing low fre-
quency. These control modules are always accessed, at their desig-
nated frequencies, with provision for manual override of any or all
of their output commands.

2. Navigation Module NAV

This module is entered by manual designation of NAVFLG as either 1,
2, or 3. A test of t against TGUID (K + 1) as read from the Mission
Profile table is made in order that the index K always be properly
adjusted to provide destination latitude Oc(K) and longitude 9c(K)
corresponding to a future time TGUID(K). The current astiamtes oflatitude 0 and longitude 9 are read in from the SINS. Three niavi-

gation options are provided for, depending on the NAVFLG setting.
Option 1 is a simple scheme that provides an azimuth comnand Xc
for a great circle route between present position and destination,
with no time of arrival specified. (In this case the preprogramned

velocity command or manual override prevails.) Option 2 computes,
in addition, a planet-relative velocity command on the basis of
time remaining to reach the destination. Option 3 is left open to
provide for some other need not yet identified. Commands thus
computed are available to the control modules for generation of
actual steering and velocity commands. See Figure A-II-2.

Periodically the navigation process is interrupted by the PVCON
module in order to command a random baffle clearing maneuver.
This will be discussed in paragraph 6.
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3. Submerging Module SUB

This module controls the sequence of activities required to submerge.
This is expected to be completely in accordance with present practice,
obeying all constraints, and conducted in the manner of a missile
launch countdown.

4. Module UDP

Here the sequence is implemented for rising from any undersea depth to
periscope depth range. Based on the value of MFLG (as obtained from
the Mission Profile Table, or manually input), sequences provide for
either 1 normal, 2 airless, or 3 emergency surfacing. The module
is entered at each computation cycle and commands VW generated such
that the ship will experience an appropriate horizonial velocityhistory as it rises to the surface. The commands are based on
measured depth, with a set of curves such as that shown below pre-
sented for each surfacing mode. These are stored as tables of vel-
ocity vs depth. The intent is to automatically generate commands
during surfacing that are satisfactory for several standard situa-
tions. For others, they can be manually overriden when the PVCON
Module is subsequently accessed. See Figure A-II-3 for details.

VELOCITY

DpL -DPL

Iv1

V

The logic in VDP is such that if the measured ship velocity lies
between the V1 and V curves, no command is generated. If it is
less than V or greater than V, VW is set to either V1 or V,
respectively.rc
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The Navigation Module (NAV) is then accessed, if called for by manual
input of the Flag NAVFLG. Here, on the basis of latItude, longi-
tude, and time, guidance and maneuvering equations generate azimuth
and velocity values which will ultimately result in steering and
mvelocity commandss

N.-:t, current time is tested against programmed surfacing and sub-
merging times and flags set such that an appropriate schedule is
subsequently initiated if called for. These sequences are based on
three operating regimes:

Submarine surfaced;
Submarine within periscope depth range; and
Submarine below periscope depth range.

The rationale for this will become clear as detailed explanations
are given.

The Plane and Velocity Control Module (PVCON) is then accessed.
Here, on the basis of azimuth and velocity commands (from the Mission
Profile Tables or the Navigation Module), navigation data from the
SINS, and inferred water-relative velocity, control plane and propul-
sion commands are generated.

In the Variable Ballast Tank Control Module (VBTC), which is entered
at a low frequency, overall flow into or out of the VBTs is commanded
in response to measured depth, temperature, salinity, commanded buoy-
ancy, and to changes in ship weight due to various random and scheduled
activities.

The Center of Gravity Control Module (CGC) generates commands for
shifting water between the VBTs in response to pitch and roll atti-
tude information from the 'SINS, and to steady-state deflection of the
stern and fairwater planes under forward motion. This too is a low
frequency module.

Finally, the Depth Control Tank Control Module (DCTC) working at the
highest frequency generates commands for pumping oyerations associ-
ated with the depth control tanks. This is in respnnse to commanded
and measured depth, velocity, and pitch attitude measurements, and to
steady-state deflection of the fairwater planes under forward motion.

The ship responds statically and dynamically to the output commands
of the PVCON, VBTC, BALC, and DCTC modules in a complex and inter-
related manner. As a result, strong coupling exists between those
modules, affecting choice of error signals and control laws used
therein.
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5. Module DPSUR

Hlere control commands are generated for surfacing from periscope

depth. The module is not accessed until activities of the UDP
module have been completed. The sequence commanded is expected to
conform with present surfacing practice, and to be conducted in the

manner of a missile launch countdown.

6. Module PVCON

In this module commands are generated for rudder, fairwater and stern
plane deflections, and for water-relative velocity. These are 6R,

6F ,6 and VW , respectively. In addition, commanded depth Dc is
seC. Iny or ail of these may be overridden by manual control devices.
In the discussion which follows, reference should be made to Figure A-II-4.

Upon entry, a commanded depth D is selected. If the ship is operat-
ing in the Under-Periscope Depth regime, this is the value read from
the Mission Profile tables, unless overridden by manual control.
Otherwise it is set at either of the fixed values D. or DPL, denoting
surface or periscope depth.

If NAVFLG has been set 0, bypassing the Navigation Module, the velocity
and azimuth commands Vc and Xc from the Mission Profile tables (or
as overridden manually or by UDP or DPSUR) are treated as heading and
water-relative velocity for steering purposes. Otherwise they are
regarded as planet-relative velocity magnitude and azimuth comnmands,
and water-relative commands Vwc and 4c computed therefrom. This is
a simple procedure involving estimation of the ambient ocean current
velocity from SINS measurements and ship operating characteristics.
The SINS-measured heading 4, is then compared with the command
providing an error 9 on which the rudder plane command 6 R is
based. In Figure A-II-4 a simple linear control law utilizing displace-
ment and rate gains KD and KR is shown, with provision for manual
override of commanded rudder deflection and/or water-relative velocity.

The stern planos are used to directly control pitch attitude 8, as
measured by SINS. Because the sensitivity of rate of change of depth
to pitch attitude varies with both velocity and buoyancy, the control
law must be a function of those variables. A nominal value of e is
first computed a a function of depth and velocity by means of a
bivariate table )tored in the computer. A deviation from nominal is
then computed as a function of depth error, velocity, depth, and
buoyancy, and added to the nomainal value to yield a commanded atti-
tude 0 0 This command can be manually overridden at nny time. TheC

stern plane control law then utilizes the error e. 0 - 0 to

ii
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generate a deflection command 6S for the stern planes. Figure A-II-4
also includes a damping term involving 6 and a dependence on vel-
ocity to allow for the manner in which control characteristics change
with that variable.

The fairwater planes are used to provide depth control in a manner
dependent on velocity. The control law shown in Figure A-II-4 also
provides for variation in operating regimes and coordination with
stern plane commands. Manual override of the commanded fairwater
plane deflection is provided for, with optional coupling to the
stern plane control device being allowed for.

7. Module VBTC

This module controls flow into and out of the Variable Ballast Tanks.
It is accessed at a low frequency rate and, by utilizing a limit
cycle, can be inactive most of the time. A nominal buoyancy B is
prescribed as a function of depth and velocity. This may appear
qualitatively as a family of curves as shown below, and is input

as a bivariate table.
0 +

-p -- Thc commanded weight of variable
ball."t 17 obtained from the equa-
tion defining buoyancy: I
B = weight of water displaced - weight

of ship

W This leads to the desired expression"B(DV)

W =VoPoflff - w - W - B,
-- VE o o1 23 0 V

where W is the fixed dry weight of ihe ship, Wv is the variable
0 V

weight excluding ballast (i.e., crew, cargo, ete), V. is the volume
of the ship at some reference depth, P is the density of seawater
at the surface, and f , f' f -e density correction factors for
salinity, depth, and Lemp'w.rature. The latter appear qualitatively
as follows, and are inp,•e as tables.

f1 (S) f 2 (P) f

" I
Std Salinity Depth Temperature
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As terms of the equation vary due to changes in operating regime,
avents such as waste disposal (but not activities of the DCTs), a
command WVBc is computed and compared with the value being carried
in a VBT bookkeeping subroutine. This gives an error signal which,
if outsidE a designated range, actuates flow into or out of the VBTs
until that error has been reduced to within some inner range. Selec-
tion of tanks for filling and draining, as well as maintenance of 4

inventory of their contents, is handled by the aforementiuned book-
keeping subroutine.

Course control of the ship's buoyancy is thus provided for under-
sea cruising. Time control is implemented by the DCTC module. This
approach is expected to cope with the inaccuracies associated with
keeping reasonably accurate WBv and WV inventories during a lengthy
cruise, by regularly correcting for drift in the totals away from
their true values.

8. Module DCTC

The Depth Control Tank Control Module commands flow into and out of
the DCTs in accordance with error signals based on depth errors and
steady-state control plane deflections.

At very low velocities buoyancy is responsible primarily for any
vertical force affecting depth. At higher velocities, under steady
state conditions, the vertical'force due to the combined effects of
pitch and deflections of stern and fairwater planes predominates.
Thus, a possible error signal for controlling flow to the DCTs is

"DC (kl sin +k 2  S + k3  p)Vw - D,

where the ki are constants characteristic of the ship. The control
law would also require damping terms and a means to switch gains
for hovering.

Flow to and from the VBTs by way uf the DCTs is mathemantically segre-

gated from that commanded by the DCTC Module.

9. Module CGC

This module commands flow between the Variable Ballast Tanks in
order to control the position of the center of gravity. It does this
in response to attitude measurements from the SINS, allowing for
steady-state deflections of stern and fairwater planes in response
to forward motion.. Pitching moments due to sail, stern planes, and
fai--water planes are proportional to VW, 5sVw, and 6fVW, respectively.
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Under eO.eady-state conditions, then, the sum of these moments
constitutes an error signal which car- be the bas-s of flow com-
mands between the VBTs- As ba..aqce is restored, the DCTC and PVCON
modules are relied on to oteadily bring pitch attitude and control

r.I. plane deflections to the.ir projer values.

r
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III. CREW MANNING SENSITIVITY

Analyses of crew size requirements for the five levels of mechaniza-

tion were performed to obtain approximations of the net reduction in
crew size that could be obtained by independently advancing each
subsystem design through each of the five levels of mechanization.
These analyses were performed for two separate conditions: (1)
advancing the Uements in each subsystem up to but no farther than
their recommended optimum point of advancement as identified in
Table IT!-B-25; and (2) advancing all subsystem elements through the
five levels of mechanization regardless of their recommended optimum
point of advancement. In developing the subsystem crew size require-
ments for each level of mechanization, watcbstander functions were
evaluated at each level to determine function reorganization between
watchstanders and mechanized control/display devices.

Analysis of condition 1 thus identifies the subsystem crew require-
ments that would exist if all elements for a given subsystem were
progressively moved to a particular level of mechanization but
advanced no farther than their recommended point of advancement.

Analysis of condition 2 identifies the subsystem crew requirements
that would exist if all elements for a given subsystem were progres-
sively advanced through the five levels of mechanization; i.e., up to
and beyond their recommended or optimum point of advancement.

It must be understood, however, that subsystem elements which are

located at higher levels of mechanization in the baseline SSBN were
not moved backwards in performing these analyses; i.e., the crew
requirements numbers shown for each level of mechanization assume
that elements currently mechanized to a higher level would continue
to operate at that higher level of mechanization.

Figures A-IIl-1 through A-III-10 represent the results of these
analyses. The solid line indicates crew requirements for condition
1, the dotted line represents the crew requirements for condition 2.
Figure A-III-1l presents crew requirements as a result of the sunna-
tion of all subsystems mechanized independently. These numbers
cannot be interpreted to illustrate the crew required as a result
of integrated subsystem mechanization. Crew requirements for an
integrated ship mechanization would be less since:
(1) watchstander duties are not completely related to any one

subsystem;

A-III-l
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(2) maintenance responsibilities can be combined;

(3) operational and maintenance training can be diversified;

(4) any one control station can monitor requirements of more
than one subsystem.

As discussed in the body of the report, crew requirements are not
the only or most important reason to mechanize any submarine sub- •1

. system or the entire ship. Therefore, no such decisions should be
based upon interpretations of Figure A-Ill-11.
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